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Described are sone of the better, techniques for 
installing solar doaestic hot water (DBH) systems* By 'using these 
guidelines, along with the manufacturer's manual/ professional 
installation contractors and skilled hcA^oyners should i:e abl€ to 
install and fill a solar DHii systes* JiBong the to^cs considered are 
system layouts, siting, nounting procedures, pipes, insulation, heat 
exchangers,' system controls, and safety* The manual aiso contains 
maintenance suggestions and an installation -checklist* (ifB) 
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liistallation Guidelines for Sotar Domestic Hot Water Systems is 
the first in a series of instruction^ reports to be published by the 
Department of Housing and Urban Development (HUD). It is 
the direct outgrowth oft the "Residential Solar Qemonstration Pro- 
gram and a series of installation workshops funded fay HUD and the 
Department of Enctrg^. 

OyeVthe past few yearsi tKo ugands of ptibltcly^nd.privately funded 



solar energy systems have been installed across the counby. From 
this experience, some installation techniques have emerged as 
being superior to others. At Ihe same time, many Systems have 
failed to perform property due to poor installation practices. The 
intent of4his report is to present some of the better installation 
techniques. 




The report ts written for the professional tnstallatton contractor and 
the skilled homeowner The installation of a solar energy system 
Involves a combination of many traditional cqps^^^ion skids in- 
eluding plumbing, wiring, roofing, carpentry, and masonry, as well 
as knowledge of paintsL glazingi and insulation materials. We as* 
sume you already |>oswss thesS basic skills (see Appendix B). 
Even with these skills, (i^rofessionals in the demonstration program 
have made simple mistakest which^we intend to help you avoid. 

Using these-^gutdelin;^ together with the manufacturer's manual, 
you should be/able ti> install and fill your solar domestic hot water 
system. Th6se guidelrnes also contain pointers for maintenance 
and a checklist to be consulted when doing the actual installatioa 



All of the procedures outlined in the report comply with HUD's 
Intermediatt^ Minimum Prgpeity Standards Supplement Solajr 
Heating apd Do^mestte HoTWater, System s,^ ^^^ 
(IMPS), the guideline^ are compatible with most national building 
codes. However, you mustcheck-withJocaliiiiiilding duthorltkLS to 
maRe sure you comply with the code, per^nit, zonjngt and license 
regulations iri your area (see Appendix D), 

Finally, keep in mind that this manual deals with solar domesti^^ 
water heating Systems if\ general. It is essential to consult the 
instruction manual fram the manufecturer, to correctly install a 
particular system. 

4 

t 

NOTE: Throughout this boolc the- reader will see a series of 
indicators catling attention to crucial steps in the installation of a 
solar domestic hot water system. They are: 

NOTE: 

CAUTION!, and 

WARNING! 

A NOTE: wiJI point out'a procedure or action that if omltted/might 
lead to a reduction in the overall efficiency or a^activeness of the 
system. A pAUXtlDN! will point out a procedure or action that, if 
omitted, might lead to damagnrfsolar or other heating, ventilating, 
^nd air conditioning (HVAC) equipment or other property. WAFIN* 
INGI will point out a procedure or action that, if omitted, might >ead 
to conditions threatening the persorial safety, of homeowners, 
pedestrians, or solar service personnel ^ 
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START4JP 

Alf majoV components of the solar domestic hot water (DHW) 
system you will be installing wilt have been specified fay the system 
designer or kit manufacturer as a rule. Before faeginning the in- 
stallatKHi, you should obtain the following information: 

t 

ThlLSepplier v — r — - — " 



STARTUP. 

SYSTEM 

LAYOUT. 

AKlCt 



Has the suppler of the major system components been selected? ^^ITI AlCl 
Is them a dealership or distributorship near the job site? Can you ^ 
get help frolh the supplier if needed? Are raplacement parts easity 
available? Carvyou count pn the supplier's delivery schedule? You 
can obtiin some of this information from the supplier's other cus- 
tomers. 



Legal PreparaUons 

Has a building pemtit been taken out; if required? Have you com* 
, plied with zoning requirements? WhicK building codes wili require 
« inspection of this instatlation? Will a licensed plumber be required - 

to connect the plumliing system? Will a licensed electrician be 

required to make the electrical connections? 

^ 

Is the system going to be federally funded or insured (FHA, VA, 
FmHA)? If so, it must meet the requirements of the U.S. Depart- 
ment <rf Housing and Urtian Development's Intermediate Minimum 
Property Standards for Solar Heating and Domestic Hot Water 
SystemSt Volume S (IMP^ figure 1^1). This document is useful to 
any professionat solarJra&ner It is available as a subscription for 
$12.00 from the Superintendent of Documents, U.S. Government 
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Printing Officet Washington, DC 20402. Please be sure that the 

,sjtodt^nijimbe^ 

Read thajBanufacturer s wanranty sjtato^&nts on the major compo- 
nents and note your respmsibilities. Sortie manufachirers' warran ^ 
ties are only good if the Systems are installed according to their 
*instruGtions. Some^ins^llers offer warranties for systems they in* 
stelL If you plan to fottow this practice, y6u must u mltf i efc nd the 
legaljm plications of your warranty. 

Inventory Compontnts 

Check each component against your receipts to make sure all parte 
ordered have arrived and are in good condition. Plan the job with 
the manufacturer's manuals ia hand to do the vvorit most effac* 
tively. 

SYSTEM LAYOUT 

The layout of the system you are instellin^ probably has been 
specified by the designer A few layout options are presented here 
lor your information and to jielp you visualize the sequence of 
assembly. 

Drainclown Syetom 

Poteble water is circulated from the storage tenk through the col* 
fector loop. Freeze^rot6Ction43 provided ^ solenoid valves open- 
ing and dumping^water at a preset low temperature (Figure 1.2). 
Collectors and piping must be pitched so that tfie system will 
automaticaify drain down, even in a power failure. Thisjype of 
system i^ exposed to city water tine pressures and must be as* 
sem^jled carefully to withstand pressures as high as lOO.psi. Pres- 
sure reducing valves are recommended when city watec pi^ssMre is 
greater than the working pressure of the system. 

Dralnback System ^ . 

The solar heat transfer ^uid automatibally drains into a tbnk by 
gravity (Figure 1.^. Drainback systems are available in one* or 
two-tenk configurations. A heat exchanger is necessaty, bcK^use 
the city water inlet pressure would prevent draining. Thei heat 
transfer fluid iathe collector loop may be distilled or city water if 
the toop plumbing is copper. If the plumbing is threaded gatvanized 
pipot inhibitor may be added to prevent corrosion. Most inhibitors 
are non-poteble and require a double wall heat Exchanger. The 
pump used must be sized to overcome static head (see phapter on 
Pumps, ete-). ' 
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OiM-Tank CloMd-Loop System 

A conventional DHW tank, usually electrically heated, is converted 
to a solar DHW storage tank by installing an external heat ex- 
changer coil The lower electrical heating element is removed, 
leaving thtf uppermost of the usual two elements to provide auxih 
iaty water heating dnd to achieve good stratification Qayering of 
hotter water over prd^resstvely colder water). Solar tanks equipped 
with tntomal heat exchangers are now readily available (Rgure 1 .4). 
Usually, the heat transfer fluid is a watei/glycol mixture or some 
other freeze^resistan^ fluid, such as silicone or a hydrocarbon (see 
chaptm' on Transfer Fluids). 
Two^Tank CloMd'Loop Systam 

One-tank systems may be sufficient for small families with small 
hot water needs, but mo^t retrafi£ projects will call for installi^ a 
second tank connected in series with and preceding, the conven- 
tional DHW tank already in pEace (Figure t.S). Two tanks often 
return cooler water to the collectors for heating, allowing^them to 
operate more efficierttly. However, standby losses are greater. 
Thermoftlphon Systom 

Thermosiphon systems are the oldest type of solar DHW system. 
These systems do not depend on electric power to pump the heat 
toansfer fluid (potable water> through the collector array. The stor- 
age tank is positioned at least t8^-~24^^^8bctyettie upper end of the 
collector array, and th&heated water in the coliecfora^osjMjp to the 
top of the storage tank by nataraf convection. Hot water is 
off the top Qf the tank. Cold city water is fed into the bottom of the 
tank and then descends to the bottom of the collector array to^be 
, hei^d. (F^ure 1 .6) Thermosiphon systems are often impractical in 
freezing climates. Nowayer, thermosiphon systems are simple and 
retativsly inexpensive and would be ideal in warmer ctimates'orfor 
jluramertime use. 
At r Syetam 

Solar domestic hot water systems employing air-type collectors are 
available., Hot air generated by these ccMectors^^^n forced 
through an atr-to-liquid heat exchanger with the potable water 
being pumped through the liquid section of the ex^anger The 
heated water is then circulated through ttie storage tenk in a similar 
fashion to the KqMid collector system. (Rgure 1.7) Air does not 
need to be protected from freezing or boiKng, is non-corrosive, and 
is free. However, air ducte dnd air handling units require greater 
space than pipfng,^and air leaks are difficult to detect. 
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OHMrSysfMfis 

A number of system types are found only in limited areas or in 
custont'designed or do-it-yoursetf projects. 

Manual dratndown systems use potobte water for tttft heat toansfar 
fluid without any antifrsesa additivas. The owner has to operate the 
draindown valve mai^uatty. Ttiese systems can be operated only in^ 
regions or during set^^s when there is little chance of a fraeie. 

Reverse-bidde, o^ pulse-circulatton, systems pump a^ quantity of 
hot water from the storage tank into the collector array Qowerfng 
system efficiency) when there I; danger of a heese. This type of 
sys^m is very popular in florida and southern California. 

There are also draindotm systems which use air pressure in the 
storage tank or in a separate pressure tank to force water out of the 

collectors when a freeze threatens. 

*• 

SYSTEM SITING ^ 

Place the colfoct«ir array where it will receive the maximum amctint 
of sunlight av^llabie in your location. A roof mount is the most 
common because it reduces the t hances of shading and keeps the 
collectors out of the way. If a good roof area is not available* 
collectors may be ground-mounted (see chapter on Mounting Pro- 
cedures). Keep outdoor p^e runs to a minimum to avoid energy 
losse^. * 
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It dmk»lik» to inouirt lh« collMlon to catc^ 
, daily f«yt w potstbto: MtaHy* odtodort should be iilmod u neariy 
M poMttftIo TRUE «oiith« not magnotic touttt. Howovon vaitatlons 
of up to 1 Mtt or wMt of Muth will havo liltio tffoct on paiform- 
met* (iMtytitmit mmingproptrty (Fig I^IMtio not worth 
th# addoil tipwiM to iMiild a tpodal mounting fiamo to point 
collMlor* tnio oouth if Iho roof it pointed within Iho ±1^ limite. 
Boyond addttion*! calculationa mutt be poifonnod to dattr- 
mtnaff Utaaoq^tnaatejuatHiad. D«viatlonaiq>to3(f aattorwattof 
touth will usually dacraaaa parformanca by only 10%. Alter that, 
paiformanca drvpt dramatically. 

Bacauaa tha tarlh*a magnate fiald ia not alignad parallal with tha 
aarth'a north-aouth aixia, thara ara aom^ parte of tha Unilad Stetea 
whara tha naadia ola magnatic compaaa can point aa much as 20 
dagraaa aaat or watt of trua north. Howavar, thara ara tavaral ways 
to datarmina trua south in your araa. You can consult a local 
survayor* a plot map in your local tax offica* or a racant isogenic 
chart of tha Unitad Stetaa publishad by tha U.S. Coast and Gao* 
datic Survay* U*S. Oapartmant of Commarca (Figura 1 .9) atHl ad* 
juat your magnatic con^paas raading according to tha maridian 
^ naaraat to you. Don^t usa old charto, aa Utara ara annual variations 
In tha raadings. Wlian uaing a magnatic compaas, bawara of atend- 
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RGUflE UtOt STAKE AND SHADOW 
METHOD ' 



ing near larga metallic obieds or power lines because thej^U 
affect the compass readings. * 

Also, you can easily detemiine tnie snutti yoiirsetf right at the 
installation site. Place a stake in the grouml and merit the location 
of the shadow of the top of the stake. Connect the end point of a 
morning shadow with the end point of ait afternoon shadow by a 
stiatght iine. A line drawn 9(f 'to that line is a true north*south line 
(Figure 1.10). 

There is an even fester way to dstoiminoiyour local nOrth-south 
line. The shadow of a stake cast by the sun at solar noon will be on 
the tnie nofUveoulh line. Solar noon is exactly halfway between 
sunrise and sunset on any given day Most locaf TV weather shows 
and newspapers give tlie mact times of sunrise and sunset each 
* day. 

. 

A'ttibugh pefformanoe will not be substantially affected* take local 
weather condittons into consideration wtwi deciding on coltector 
orientation. Although angling tlie collectors toward the east will 
stfirt the system eariier in the moming* Orientation slightly to the 
west can increase system perfbrmanod because ambient teflq>era- 
tures are usually higher in the afternoon. As a resiitt collectors will 
lose fees heat and operate more efficiently, tf eariy momfng fogs 
are common ^n your area* angle the collectors slightly toward the 
west ^ 

Coltector TiH 

Collector titfe—4he angle the surtece of the collector makes with ttie 
horizon~is also an tmportent tector in system performance. Ideah 




lalColteetorTlIt Angle 0" 

FK^ 1J1;IUDIA110N0NH0fiS0NtAt, 

NORMAL AND NCAtlLVVQmCAL 
SUSFACeS 
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lblCollMt« m Angle 45^ fcl Collator Tilt Angle 75* 
^^RacMaUonlntMV«ptad by a Horizontal Collector 
=^ Additiooal ftadiatkm Interoapted by Tilting Collector 
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ly. cotlMtors should be at nMrty ptfpendicuter to the tyn's hottest 
r«ys«spossil>la(Fiour« Ml)* For a solar DHW system, atittoqusl 
to the local north latituda usually ts considarad tha optimum angla. 
Variations i<f aHhar way wclll not sariously affa^ tha totel annual 
parformanca of tha system, all othar things bafng aqual. but a 
graater tltt will favor wintar systam opaiations whan tha sun is low 
inthasl^CFigura 1.12). Also, tn heavy snow araas a tilt o^SO^will 
aUow snow to slide off the collectofs mors readily (see chapter on 
Safely). The following chart wilt help you determine tfie angle of tfie 
existing roof: 




RGURE 1.12: OOLUCrda TILT 



TABLE 1*1 ANGLE/ROOF PITCH CONVERSION TABLE 

ANGLE (DEGREES) ,RO0F PITCH 
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Collaclor Siwdttig 

No more than 5% of the collector area should be shaded between 
9:00 AM. and 3:00 P.M. Standard Ttme when ^atast solar poten- 
tial occurs. One of the major sources of shading is trees, so the 
home fiwnar should be aware of tiie effect of hiture ^owth. Chim- 
neys, dormers, other buildings, new construction, and even fences 
may shade tlie ^Hector array, especially in the winter when sun 
angles are low and shadows are long. By knowing the aHi^de 
(angle of sun above horizon) and the azimuth (angle between true 
south and point on horizon below sun) of the sun throughout the 
year, you can accurately determine if the homeowner is going to 
have shading problems (sea Appendices A and 
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If 



ImagiM tht sky m • trantpareht dome wHh its cantor et th^ sotar 
coHKtor «rey of « houss, Ths p«th of th^ sun dtkring the yssr can 
ba alchad (pfojactod) on the doma* as can tha oudina of aurrmmd- 
ing houaas and traaa (Figura 1J3), Tha aim*s path during th*' 
optimufn houn batwaan diOO and'3:00 P.M. ^ndard Tima 
thnMighout tha yaar acrilias a "aolar window" on tha doma? Almoat 
all of tha u*aM lonlight that laachaa tha cotlaclDr 
through tliis window, aictpt lor tha amount raauHing from difnjsa 
radiation. If any aurrounding lKHtaaa« tiaaa, hills, ale* btock |»art 4f 
this window, that intruaion wiH caat a ahadow on tha cotiactor. Tha 
- alavation of tha tolar window in tha local aky wiH dr^craasa with' 
incraaaing Iflituda. 



Sunr» psitf 
Jgm21 



Tbttt tr«Mctit a 



1 p<n tfid2p<n from 
NotwHbsf to 
•bout Mtuiry 15th 



RGUKE 1.1$: IHE SOLAR WINDOW 




9«m 



Mar ca t oT Pfo j a c tloft 

lha aky doma with its *^lar window" can ba mappad using a 
Marcator projaction in which tha Ifftituda and longituda linas ara 
straight (Figura 1.l4).'Such amap is vary uaaful for comparing tha 
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site surrowidings with the ''solar window**, because both can be 
easily plotted on the map. Any elements sunnounding the site that^ 
intrude into the "solar window" will cast shadows on the collector 

The Poputer Sel«iica Sun Locator 

A simpler method was created for Popular Science Magazine*. 
Make a copy of the sun locator (Figuire 1J5) and glue it to a 
cardboard backing. Trim afong the lEne of the latitude nearest you. 
Place locator in a level position in the area where collectors are to, 
be mounted* Align the compass along the correct magnetic decli^ 
nation Um or per a recent isogenic chart (Figure 1,7) to otitain a 
true north*south line (see Collector Orientation). Sight from the 
comer over the top of the latitude line from 9:00 A.M. to 3:00 P.M, 
Thts is a path the sun will take in midwinter. If more than 5 percent 
of the path is blocked* the site may need closer evaluation. 

Even tree branches witfioui leaves can block a considerable 
amount of winter sunlight if the branches are thick. Consider trim- 
ming; if necessary. 

Jhm Energy Task Forc« Rough ApproKlmatioii Method / 

The Energy Task Force of New York suggests a way of rcughly 
determining the solar window. Stand where the collectors are to be 
placed and face true south. Point so that your finger and your eye 
are horizorttat (Rgure 1.16), Race one fist on top of another the 
exact number of times to be determined by consulting the table 
(Table t.2). 




START-UP. SYSTEM LAYOUT. AND SITING 

TABU 1.2. THE ENERGY TASK FORCE SOLAR WINDOW APPROXIMATIOAB METHOD* 

LATITUDE 



12 O'CLOCK POSITION 
= BEARING 



11 O'CLOCK POSITION 
= 3(r BEARING ANGLE 
(EAST) 



1 O'CLOCK POSITION 
= 30^ BEARING ANGLE 
(WEST) 



aS'N 
32»N 
3rN 

44°N 
48°N 



4Vi FISTS (47= ALT) 3 

3Vi FISTS (34° ALT) 2% 
3 FISTS C3GP ALT) 

2'/i FISTS (27^ALT) 2 

2% FISTS (23" ALT) 1% 

2 FISTS (20P ALT) 1 'A 



FISTS C30P ALT.) 
FISTS (2r ALTJ 
FISTS (23° ALTJ 
FISTS (20P ALT) 
FISTOdT^ALT) 
FISTS (14" ALTJ 



Sight WBT top of fists at true south and 3(y east and west (vrith 
adjustments in fist heighO to determine shading effects.^Alw object 
atMve your fists will cast a shadow on the collectors; and'arlything 
below your fists will be of rra concern. 

Several "solar locators" are also commercially available (see 
Appendix C). • 

Other Factors to Consider 

Collectors should be placed near (or slightly below) the mid-line of 
pitched roofs for best appearance. Location close to the ridge 
exposes the collector array to increased wind loading and heat 
losses. Collectors near the eaves can cause ice dams, which bad^* 
up over the array. Water behind ice dams cdn be drawn und6r the 
shingles by capillary action. 

Check to see if glare from the collector army will annoy neightMrs 
or cause traffic hazards (particularly with ground mounted collec- 
tors). A matte finish glazing material will hdp alleviate this problem. 
Collector boxes sfUHild be darit anodized if it develops that bare 
aluminum boxes create a reflection problem. 

tf the back of the collectors is visible, an enclosure may be desira- 
ble U> improve appearance, reduce heat losses, and protect the 
collector array from wind loading. 



SAME AS 11 O'CLOCK 
SAME AS 11 O'CLOCK 
SAME/^tl O'aOCK 
SAME AS 11 O'CLOCK 
SAME AS 11 O'CLOCK 
SAME AS 1 1 O'aOCK 



'See No Heat. No Rent: An Urtian and Energy Conservation Manual. 
EneiMV Task Force. 5t9 East t tth Street. New York. NY t0009. 
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ROOF- 
AND 

GROUND - 
MOUNT- 
ING PRO- 
CEDURES 



This chapter tams you step-by^stop through proper procedures for 
roof^mounttng oollectors* for making the necessary penetrations of 
the roof surb^p, and for ground^mounting collectors. 

Hoisting RooMMounted Collectors 

A typical cotlector weighs between 75 and 200 pounds. The^reful 
installer should plan wetl in advance how to hoist the cotlc^rs to 
the roof. ' 



There are a number of load lifting devices that you could choose to ^ 
handle this job* such as a bucket truck, cherry picker* crane* fork 
lift* or Hyster**. A simpler device ts a roof hoist which may be 

temporarily mounted on the roof (see Appendix CX 

* 

Manually lifting the collect^>rsis^ssibLle* but it will require at least 
two men. One method is to use two paiaiieTtadders two men 
walking one collector up at a time. If the collector is outfitted with 
flanges, tempoiary handles may be attached (Figure 2. 1), 

i 

The so-called "Push and Pult** method uses one ladder as a steep 
if|clined plane. A rope is attached to one end of a cotlector A man 
on the roof hoists, the collector while another tifts and guides it up 
the ladder to prevent it from swinging^ of control (FigOt^2.2). 

precautions for Worktng on Ro€»fs 

Plan mounting procedures carefully to minimize the number of trips 
over the roof. Walk carefully on gravel roofs. They are more fragile 
than they appear* and the source of a leak in a grave) roof is not 
easy to locate. Lay down planks or plywood in heavy traffic areas. 
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Shakft and day tile roofs are vety brittle. Be veiy careful walkiiig 
and don't drop tools. 

Specially <lestgned roofiir*i shoes are recommertded on asphalt 
Single roofs. Shoes with heavy lug soles should be avoided be- 
cause they cap damage shi^ngles. especially in warm weather 



? According to HUD*i IMPS . tl>e mounting sbructure ^ould be iMiilt 
to withstand winds of at least 100 mph (which Impose a wind load 
of 40 pounds per square foot on a vertical surface or en average of 
25 pounds per square foot on a tlHed lOoO. Flat-pteto coltectors 
mounted flush with the roof surhiee should be constructed to 
withstand the same wind loads. 

When mounted on ract(s« the collector array becomes more vulner- 
able to wind gusts aslBie angle of the mount increases. Collectors 
can be uplifted by wind striking the undersides. This wind load, 
which is in addition to the equivalftnt roof-area wind loads, should 
' be determined according to accepted engineering procedures. 
Cross-brace aH mounting racks (Figure 2.3}* 



Sdar Collector 





nouas cmes eiuaNG RACK 
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Snow Loads 

Colhictors mot^ted flush on a roof should b« designed to support 
the snow loads that occur on the rooiarea they cover. The collector 
array may be tilted 5"" to 1(r greater than the latitude to «cp6dtte 
snow sliding, with only a minimum loss In efficient. Precautions 
must faw taken so that snow slides are not a hazard to p^^strians. 

.The roof structure should be free of objettrthat could impede snow 
sliding and the collectors should be raised high enough to prevent 
snow buitd-up over them. Collectors mounted on elevated lacks or 
in sawtooth patterns may create snow drifting on tlie roof in addi- 
tion to immal snow loads. This Additional buitd-up tnust be consid- 
ered in the design loads (Figure 2.4). 




V: 




Chock Roof Condltioiis 

See that the roof surface is in good repair before mourtting collec- 
tors, tf there is a need for reshingling or other repair work« think 
seriously about doing the worit before mounting the colfectors. 
Keep futore roof repair and mairttonahce in mind when planning 
collector mounts. Easily removable collectors will make such worit 
easier. Do not mount collectors on warped or cracked wood 
shin{0e roofs. 

PoeHiontng Colloctors 

Be sure the collector anray is ^rallet with the ridge of the roof. 
Measure distance from the top of the collector array to the ridge 
line at each end and check with a bubble level. A chalk line makes a 
useful guide. Slope the array toward the inle; M facilitate drainage 
at tlie minimum rate of Vtjrinch per foot. Allv^:^' at least %-inoh 
spacing between collectors for expansion and contraction which 
could loosen the mounting (Rgure 2.5). 



FIGURE 2^: SAWTOOnh^ATTERN 
\ 




FIGURE LEAVE SPACE 



LEAVE SPACE BETWEEN 

ooaEcnm 
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Coll«ctors with wwp holM should b» mounted wW« woep holes at 
the twttom. Th«y attow moisture to escape because condensatkHi 
can damage some absoibar surfaces. Holes should be loosely 
blocked with glass fiber that will prevent entry of dirt or insects but 
will allow a flow of air. « 

Inetatling SpJiMre 

On retrofit^ injallations, cotlactofs should be raised at least Vh 
inches above the roof to avoid damage to shingles. Without tfiat 
<pace, moisture buildup could cause growth of fungus* mold, and 
mildew. Ice damscould also form and draw water under shingles by 
capil^nr action These factors contribute to roof surface deteriora- 
tion. 

Spacer blocks of rot*r»slstent wood (such as redwood or cedar) 
should be Used between collector and roof surface. Other types <rf 
wood can be used if pressure-treated wHh a pieservalive such a 
creosote or pentachlorophenol. Note that some preservatives may 
dissolve asphalt roofing materials and should not be in direct 
contact with them. Blocks of Plexiglass'* or other UV-resistent 
.plastic also can be used. A silicone sealant or fibrous roofing 
cement should be applied liberatty tietween spacer and roof sur^ 
face, or use a neoprene pad (Rgure 2.8). 

Instead of a block spacer* a mounting angle or dip can bp used. It 
should be made of a metel compatible with the metel of the coilec- 
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Mounting angle 



ctrntnt 

Ivtnizad w»shf r 
NMprtne w»^«r 

MounUng btock ^ 



ShMlMfig 



R»ft*r- 




block [s] sized to fit 
snugly betwe^ ^ 
sndW sheattiEi 



tor bcoL Fasten H 
the roof with a comi 




e collector box or flange and bolt it to 
lie metal fastener 



Spaniwr Mouitliftg 

A spanner motinting is recommended if the attic is accessible, 
because the uplift force of wind on the collector arra/ will be evanly 
dfstnbutod'to the roof framing members. Screw or naO T x 4" 
spanners directly to the ra^rs inside the attic, perpendicular to the 
rafters (Figure 2.7), At least two, and preferably three, spanners 
should be used. Pre-driil holes through the roof and mount spacers 
large erUHtgh to accept the thni-bohs. Be careful not to split the 
spacers. It nrtay be easier to drill holes and insert thru*bolts before 
securing spanners to assure proper alignmerim>f holes, - 

Roof ridge 




FIGlfflE 2^: SPACCft SLOCK WITH 
SPAT^NER MOUNT 



( 



RGURE 2.7: SPANNER MOUNTING 
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CAUTION! 




RGUflC2J;8£ALANr 



Thru-bolts or threaded rods should be at least %-jnch In diameter 
Two nuts and targe-diarneter (fender) washers are recommended 
on both ends of the threaded rod. Silicone sealant should be 
applied generously to holes and between washers and mounttng 
blocks. Use neoprene washers in confumrtion with metal washers 
to mtpimize risks of leakage. 

BeWure that the holes coi^in enough sealant to prevent leakage. 
Seale^ thould ooze liberally from around bott heads when they are 
tightened down (Figure 2.8). ^ 

After bolt heads are tightened, apply mors sealant over the heads 
and mounting block or clip assembly. If roof cement !s used rather 
than silicone, the fibrous type is recommended because the weath* 
erproof seal remains intact over repeated expansions and contrac- 
tions. ' 

8p«niwr Mounting In a ConcMled Atli« 
Because an installation should last many year$ if properly instatledt 
it may be worthwhile to cut sheetrock to ejcpose rafters and then 
repair it Nail wood blocks to inside of thltraflers at least 3 inches^ 
short of the ceiling edge. Fasten the cpanners on these blocks and 
bott Use threaded ttmi-bolts as described above, seal, and bolt 
Replace gypsum board to cover Instaltation (Rgure 2.9). 

— Mounting angle 
.Nut 

Galvanized washer 
-Neoprene washer 



Sheathing 



Nailer 

VTtSr or 



RGUftt 2.0: SPANNER MOUNTING 
IN CONCCALEO SPACE 




— Rafter 



2"x4" spanner 



Finished ceiling 
dolt or threaded rod 
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Lag Bolt Mounting 

Wh«n the attic is completely inaccessible* collectors or the mount- 
ing racks can be lag bolted directly to the roof from outside. 

Ugs must be fastened to rafters or trusses rather than to sheattiing CAUTION! 
.so wind cannot putt them ftBe. 

Rafters or trusses can be located by tapping the roof with a ham- 
mer The more solid sound indicates a framing mamber Rafters or 
trusses generally will be on 16" or 24 " centers (Figure 2.1(9. 




inting angte 

Roofing cement 
Lag bolt ^ 
Galvanized & neoprene washers 

^Mounting btock 



Shingles 



ilicone Maiant 



Rafter 



FIGURE 2.lOi LAG eOLT MOUNTING 
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OHM holes through the roof several sizes smaller than the bolt to 
assure a tight fit The lag boU should penetrate the rafters at feast 
two inches. Insert the lag bolt through a metarwa^er arid then 
through a neoprene yva^er before going through the collector 
ftange and mounting block. Be sure to apply a liberal quantify of 
seatant to the holes and between mounting ^blocks, wafers, and 
the roof surface before tightening down lag bolts. After mounting, 
apply more sealant over the entire assembly. 
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Rack MountinQ 

Colbclon can b« mounted on racks or ttand-offt to achiava ttia 
optimum tilt angfa. If tha hdaa or dipt on tha collactors do not lina 
up with mftars or trutsas, you may mount tha collactors on a rack* 
than fasten t^ laclt to tha framing mombars pmpariy. 

Tha rail should ba at taast 12 gauga and about D^"" liy in 
dimansion; slottsd angla rail* mnnally usad to fabricate imrabousa 
shohrino, is readily avaiiabta and can ba cut to any langth and 
botiad togothar. Tha collactors should ba bolted to tha tail 
framaworic Taka caia-to pravaivt galvanic corroaion. Tha firamawortc 
is lag*l>ottad V spamiar^mountad to the roof, and roof panatratk)ns 
carahilly saalad. Asphalt tepa may ba usad batwaan tha rack and 
tha roof. 

Pip* Rffounting 

Anbthw collacter mounting approa^ usas ona-inch galvanizad 
pipe and fittinga usad in avmingst ora pipa and fitting aystam callad 
Spaad Bail^ which can ba sacurad with sat screws. Tha pipe 
framework can ba waMad or bolted to % -inch steel aupport plates 
that are corrotion protected and fastened to the roof (Fi^re 2J1). 




BGURE 2J f : WtCK MOUNTING MATCAULB 
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CAUnONt . All racks must be constnicted to withsta^ anticipated extreme 
weether conditions. The bottom of the collector array must ba at 
least 1 Vt inchos off tha roof to sttow tvator* snow, ic?* and other 
det>rii to pass undsr. All racks must be diagonally cross-braced. 
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Eip#ri«f>c« has »hown th*t for Mw roofs wrth th* correct pftch, the 
best method for mounting collectors ie to place the collectors 
directly on the feft paper. Flashing should eirtend over the collector 
flange onto the fett paper. At the top and aides of the coHectofs, 
ehingtes should be applied over the flashing. Flashing shogkt be 
over the shingles at the bottom. A layer of sealant should be ippUed 
betMreen the collector and the roof surface. The collectors can be 
attached according to the lag-bott or spanner method as discussed 
previousty, but without Wing spacer blocks (Figuro 2.12), 




FIGUK 2.t2: nj&HtNQ JNTQ NEW ROOFt TOP, 3ff)E. WO BOTTOM VIEWS 



Aluminum reacts with wood preservatives, CAUTION! 
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Moiwitfaig TsehnlqtiM lor Flat Roofs 

On flat roo(t,^4oll«ctof« can ba mounf ad on uprights wfiich are than 
faatanad to tha roof. Tho base of tha. upright i» placad in a pitch 
containar and both ,aro siinuHanaouaty l>olted onto tha roof, by 
aithar the spannar or tha lag boH mathod (F^ura ^.139. Tha con* 
tainar should hava a lip to accapt flathing^ which is axtondad down 
onto tha roof sorfaca, Tha' containar is than fittad with pitch or 
toofing camant Pitch poCs roquira fraquant tnspaction and dottot 
hava lasting watartight quafitias. 



RGUnE 2.13r PITCH POT MEtHOO 




Mount^g bolts 



2 nuts 
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Tha National Roofing Contractors Aasociation racoRiniands usa of 
curb mourfts. A curb mount requiras building up tha roof surfiai'cs 
with framing mambars to act as an equipmant support Tha curb is 
flaahad into ^a roof aurfaca and covarad with a sha^t metal hood. 
Tha collactor support is boHad through tha hood and flashing'into 
tha curb (Figura 2.14). Tha NRCA racoRiniands that curbs on flat 
roofs not apan tha whota ropf so that watar pockets don't davatop. 
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N«opr«nt pad 
S%\ bolts in SMiant 




ROOF PENETRATION FOR PIPES 

It usually will ba nacassary to run pipas as wall as fastanwa 
through the roof surface. Kaap tha numbar of panatrations to a 
minimum. Pipas are flashad using the same mathods as for vant 
pipas or soil stacks. Tha most common way is to usa a roof flanga 
{Figur«2.15), 

Roof flangas ara readily obtainad from roofing or building supply 
yards with tha most common sizas ranging batwaan 1 % and 4 
inches. Thay ara available in galvanized steet, aluminum, naoprane, 
or c<H>par, and some have neoimna collars. The neoprane collar 
flangas do not require. a sealant where the pipe passes through, 
and the collars are adjustable to any roof pitchy 

Select a roof flange that wilt make a tight fit over the pipe. Ra* 
member that pipe insulation atso must pass through the roof. Coat 
the bottom of the flange with sealant before fastening to the roof 
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ShingI* oourtM laid mtr 
ponkm o< flang* 




nCURC MS: fKX)F FIANGE FOR 
mPENETfUHOH 



surface. The top of the flange rtust be cmiptetely under the shin- 
ies and the bottom over the shinies. Apply more sealant betwMn 
shingles and flange. P die Insutation do^s not have a rigid casing, 
an ahemattve method is to inaulate up he penetration and use 
reducers and a plastic nipple for the penetration (Figure 2.t69. 



\ 



FIGURE 2.te: ALTERNATE ROOF 
PENETRATION 
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GROUND MOUNTINGS 

If ttwra it too litBe roof ^Moe or the roof faces the wrong direction, 
collectors can be gmun(^mountod. Ground mounts maka instatia* 
tEoo aaaier by altminating roof work* simplHying maintonanca, and 
in most cases, shortening the nin from colfectors to storage. 



Before starting construction of a ground*nfKHinted collector array, 
check khcal zoning ordinances. The ground-mountod unit wrill have 
to combrni with bcal requirements for setback, density, ctasstfica* 
tton of strudurs (will it be considered a new twilding?) and aes- 
^M6c requirements* Aesthetics are fkarticuiariy important in some 
localities^ which may even require that the supporting framework 
be enclosed and finished off to resembte ttie house. 



CoHedors are mounted on a rack or frame that must be secursly 
attached to footings extending below the local frost line* There 
stiould be at fe^it four p^ footings, Vt^B" square or in diameter 
Footing holes slmdd be dug below the frost line and the bottoms 
ftlted with an inch or two of dry, washed pebbles. The footings 
stiould be poured with a frame member or a threaded rod protrud* 
ing from the concrete (Rgura 2.17). 

If the frame is emimlded, make a temporary jig so that the rack 
holds shape white the concrete sete. If the frame memtwr is wood, 
it must be treated to slow deterioration. If you are using a threaded 
rod, it must be at least %-inch in diameter. Instead of pouring four 
footings, you migitt want to pour two parallel walls (Figure 2.18). 





RGURE 2.1 7: PtEfl FOOTING 



FIGUnE 2.18: WAU RXITING 
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Ground-MotMitins FramM 

The collector frame can be mafle from several materials: galvanized 
steel pipe, aluminum and steel angle tron, or even wood. 

Galvanized steel pipe and fittings are readily available. If the collec- 
tor boif09 are aluminum, keep the steel end aluminum #om touch* 
ing each other directly to prevent galvanic corrosion. 

Slotted steel angle iron of at teaet 12 gauge and about 1 16 by 1 !6 
inches can be easily cut to any length and bolted together Again 
careful attention must be paid to corrasion control below). 

Aluminum angle extrusions will be lighter than steel angle iron and 
more corrosion resistant as well as gatvanically compatit>te with 
aluminum collector boms. HoWver, yoiTcan expect aluminum 
stancf^ shapes to be more expensive than steel. 

Wooden collector firames must be made of redwood, cedar, or 
^er wood treated to resist rotting, weathering, and insects. 
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In addition to proper elevatton and orientetion, the bottom edge of 
the collectors must be a minimum of 18 inches off the ground to 
prevent mud flashing and snow drifting up to cover the bottom of 
the panels. It is wise to attach a small gutter below the collectofs to 
prevent excessive erosion of the soil dirsctly in front of the collec- 
tor array. A pebble bed in front of the collectors will also help 
prevent erosion. 

Remember that the firameworic must be cross-braced and built to 
withstend the dead load of the collectors, live snow loads, and wind 
loads up to 100 MPH (see Wind Loads and Snow Loads^above). 
The collector array must not be subjected to warping that can result 
from soil freezing. This can be prevented by br^ng^ with a continu* 
ous strong member around the base of the frameworic or by build- 
ing the footings as two walls. 

Piping 

The nin to and from storage should be as short as possible, with a 
minimum amount of bends and ellx>ws. Pipes miist tie insulated 
and weatherproofed. If the system is a drainbeck system* the bo^ 
torn of the collector array must be a minimum of 2 feeir above thl^ 
water level in the storage tenk. In both draining and clossd-loop 
antifreeze systems, all pipes must be pitohed to provide drainage. 
Provide abwents at alt high pointe. 
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CORROSION PROTECTION 

Both ro<rf*mounted and ground^mountod collMtor arrays and 
mounting hardware (boHs, screws* washers* angles) must be care* 
fully protected from corrosion. Steel mounting hardware in contact 
with aluminum and copper piping in contact with aluminum hard* 
ware are both eicamptes of high corrosion^polentlal combinations. 
Cadmium*plated or hot^dipped gatvanixed bolts can be used to 
mount collectors on racks. If the coating is scratohed* prime with 
line chromate paint or special xinc^rich coating. The exposed 
edges of gatvanixed steel angle iron should be similarfy.tteated. 

Dissimilar metals can be separated by washers made of fluorocar 
bon polymer (such as Teflon*^, phenolic (such es BaMHe**)* or 
neoprsne rubber. When a bolt passes through two dissimilar met* 
als« the inert washer should have an insulating sleeve (Rgure 2 J 9)« 
Most collector manufacturers supply mounting hardware spedfi* 
cally designed for their equipment Follow instructions cerefutly* 
and be sure to cover all botes and mounting assemblies with a 
high-quality sealant ^ 

Safety 

Cover collectors with opaque material until the system is running to 
prevent heat build*up. Take care not to bum hands on collector 
boices during sunny weather. 

Ground-mounted collectors require sdhtewtiat more effort to pro- 
tect the array frompojtsible vandalism and to prevent injuries to the 
owner's family and visitors. Consider covering the collector array 
with a layer of chicken wirs one loot above the glaztng if it appears 
that vandalism is a possibility. Be sun) that the glaiing can still be 
easily cleaned. Check for sharp protruding nail points or angle iron 
edges. If children are apt to play in the vicinity of the array, suggest 
that the instatlatton include fsncing around the collectors to pre* 
vent bums or other accidents. 
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Each heat tranafer fluid has diffaring properties, such as vtsco^, 
specific her.t, freezbig, boiling, and flash points, that wilt determine 
the size and design of many components (see Table 3.1). 

Corroelon 

The combination of dissimilar metals and any heat transfer fluid 
that conducts elactrictty to soma extent wiU lead to galvanic corro^ 
sion when the more diemically active metals are attached. K can be 
avoided by: 

1 . Using an nonconductive heat transfer fluid, such as a silicone or 
hydrocartion oil. 

2. Using ont metal through43ut the whole system. If the metal is 
copper and the transfer fluid is water, there is no need to add 
corrosiornrfhthitors. 




3. Using an air-to-watdrsystam. 



Watei/glycol anttfreeze rv^uras require an added inhibitor be- 
cause glycol breakdown products include acids., Aluminum in the 
system will also require.an inhibitor. Most commercially available 
transfer fluids are sold with inhibitors already added, but some wilt 
require the jnstaller to formulate the proper mixture. Follow the 
manufactorer's directions carefully. Most of the common inhibitors 
carried in solution are sacrificial (the inhibitor is attecked. rather 
than the plumbing) and, therefore, require the instelter or the owner 
to follow a regular maintenance schedule to replace the transfer 
fluid. 

Be sure to flush the system out completely prior to fflting to remove 
solder flux, metal filings, etc. Direct connections between dissimi- 
lar metals must be avoided. The use of insulating washers (plastic. 
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rubber) or tilicon* hoses between dissimilar metals wilt reduce 
Q*lv»nic rescHone at that point 

TABLE 3.1 TRANSFER FLUIDS 

HEAT 

SPEOFIC VISCOSITY! CAPACTTY FREEZING 
MEDIUM GRAVrtY CENTIPOtSE <BTUflb.'B POIMT.^F 



Water 


1.000 


0.5 to 0.9 


1.00 


+32 


50 wt % Watef 




> 






ethylene glycol 


1.05 


1.2 lo>.4 


.83 


-33 


50 wt % Water- 










profiyteite glycol 


1.02 


1.4 to 7.0 


.85 


-28 


Paralfinic Oils 


.82 


12 to 30 


.51 


+ 15 


AronMrticOile 


.85 


0.6 to 0.8 


.45' 


-100 


SHicone Oils 


.94 


iOto20 


.38 


-120 



oppmMiatoly «rF to 14a*F. 

In iolir colltdor tystoms. as in any system involving cifcutattng 
liquids, it is not sufficient to us« a distsettic fitting to ssparats 
cfissimitar mslals from direct contact Copper ions can be carried 
by the fluid and deposited m another metal, causing pitting. At- 
thougK comptox systems of conosion protection are available for 
mixed*metot systems, the best solution is ^mply not to mix metels> 

Thoroughly flushing out & system before filling with a transfer fluid 
4elps to prevent galvanic corrosion. Rlings of Me metet lodged in 
an al>sort>er plate or heat exchanger coil of a dissimilar metel can 
cause gatvanic corrosion. 

Remember that water comb^ed with dissimilar metali can cause 
galvanic corrosion. The taperimced instetler probatily will be 
mtnm of the tocst pH and mineral hardness problems, because of 
the eflecte of hard water on conventional heat water syttems^^en 
if local water is not usoiMq the collector loop, mineral depuito in 
the storage tank on the outeide of the heat exchangerlogps will 
lower system efficiency. If local wa^.. conditions^m^extreme, 
dtemlcal additives :)r electro-magnetic devices should be consid- 
ered to protect tfie sotar OHW system. Wftatever tfie local water 
conditions, distiHed or deionized water is recommended for drain- 
beck systems with a heat exchanger A qualified water treatment 
engineer should prescribe a treatment to make problem water safer 
for plumbing materials. 

Drainback systems muat be diMfgned so that they drain completely 
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and automaticalty under freezing conditions. Pumps for all systems 
using Miter as a heat transfer fluid should be either bronze or 
stainless steel r 

In a clos^^lSnp^^tem. a non-acidic flux should be used to prevent 
chloride build-up which can cause pitting. 

Glyeol/W«l»r AntHrMM SduHone 
WARNING! Care must be taken that the proper glycol mixture and heat ex- 
changer have been specified. Ethytene glyco^ater mixtures are 
TOXIG and require a tf^uble*walled best exchanger. Food-grade 
propylene glycol U.&P^ater mixtures— when certified nontoxic 
—can be used with a single*walled heirt exchanger if no toxic dyes 
or inhibitors have been added to the mixture. Hovvever* inhibitors 
which ere Generally Recommended As Safe (GRAS) by the fDK 
such as dipotossium hydrogen pnosphato, should be added to 
IXStP. propylene glycol to maintain the proper pH. Many manufac- 
turers already do this. 

Watoi/glycol solutions should be at least 20 percent glycol. The 
margin of freeze protection should be KTF. below the historic tow 
of the region. A 50/SO solution is good down to -32°F., and maxi- 
mum freeze protection is achieved with a 40/60 wi^/glycol 
mixture. 

Wvter/Glyeol ltietallatioit« Safety* and Malntonatico 

Do not use glycol solutions with zinc galvanized plumbing bCK^use 
the required corrosion inhibitors react with zinc. Glycols may dam- 
age certain matei'als such as the butyl rubber membranes in cer* 
tain types of expansion tanks. If wator/glycol mixtures are exposed 
to air through^an air vent or a vacuum breaker and high tempera- 
tfjrest acids will lorm. If these conditfons occur^ the pH, inhibitor 
strength, and solution concentration of the water/glycol must be 
checked, and the solution replaced if necessary. Periodic checks 
and replacement will tw required in any case. 

Remember that glycol solutions will leak through joints where 
water would not. Good seals and Teflon'* tope should be used. 
Glycols should be dyed with nontoxic food-coloring dye, if not 
bought that way. to help identi^ leaks. Make-up supply, in case of 
leaks* should not be added automatically from the city water sup* 
* ply. as this will reduce the glycol concentration. Depending on 

local codesi watei/glycol solution should be drained into dry wells 
or waste drains (sanitary sewers, not storm sewers). 
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ParafHtilc or MiiMraf OH« 

Partffinic or min«fat oits are patroteum^based heat transfer fluids. 
Thair usffiil tamparatura ranga between freezing and boitrng is 
greater than that of water, and they are noi^nducting. These oils 
have a highe? viscosity than water and may require a larger pump. 
Because they will tiraak down into tarry materials under prolonged ^ 
exposure to heat periodic replacement is necessary. 

Paraffin oils are considered TOXIC and require a doubte-walled WARNINGI 
heat ex€hai>ger, . 

SIHCOIMS 

Silicone heat transfer fluids are quite inert and wilt cause neither 
* galvanic conoeioii nor degradation of roofing materials. They also 
have a very high flash point These fluids have Ngh visoostties and 
low speciflc heats compared to waten therefore, large pumps and a 
flow rate of about 214 times that used for water are required. ^ 
Silicones are incompattble wKh expansion tanks fitted wtth mo- / 
prene or butyl rubber diaphragms. ^ 

Silicone fluids wil! teak readify through piping flaws that will retain 
water Even sweat-soldered (Oints in copper pipe witi leak if not 
properly soldered. A i^anufacturer-recomm ended pipe dope 
should be used at all threaded joints. Check all manufacturer- 
supplied connections lor prosier sealant ^ 

Avoid using silicone tubing or silicone seabnts in the system. 
EPOM rubber or Viton** is preferred. Use seahtess (canned) pumps 
with magnetic drives. Use nomacidic flux when soldering to pre* 
vent contaminatjon of the neutrat heat transfsr fluid. 

Aromatic Oils 

Aromatic oits have lower viscosities than paraffins; this altows 
smaHsr pumps to be used. They also have lower flash points, which 

make them less s^V to use. 

c 

Aromatics will dissolva roofing tar and most etastomer seats. Viton** 
seals should be used in pumps whenever paraffinrc or aromatic 
hydrocarl>on oils are used. 

Wa«*r/Glye«rln* Solirttona 

A 4<V60 solution of watei/gtycerlne (gtyceroD is nontoxic and does 
not require a heat exchanger with double separaUon. Watei/ 
^ycerlne solutions have higher viscosiUes than watei/glycol sotu* 
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tions andt therefore, may require a larger pump. However, glycerine 
solutions are subject to biological contamination and may become 
corrosive if overheated. 

Air 

Air may also be used to transfer beet frofn collectors to the domes- 
tic hot water supply. The advantages are it cannot freeze or boil 
and it is noncorrosive and free. Disadvantages for the installer are 
thrt ducts are difficutt to make aiftight and that leaks are difficult to 
defect Leakage %vill further reduce the efficiency of an air system 
which already has a much lower htrat*carrying capacity than an 
equal volume of a liqufd. 

. RECOMMENDED TYPES OF PLUMBING 

The most favored plumtnng for solar DHW systems is sweab 
sokfered* L-type copper tubing. M-type copper is also acceptal^e if 
it is allowed by local building codes. 

All joints in copper tubing in and near the collector array should be 
soldered with 95-5 tffi-antimony solder to avoid joint failure at 
stagnation temperature. While 95^5 could be used throughout the 
rest of the system and should be used in a silicone system* SOfSO 
tin-lead solder can be freely substftuted in those parts of the 
sy^ittem that %vitl not be subjected to the extremes of stagnation 
teifTperature. Remember that silicones and glycols demand wefl- 
soldered joints. 

Although soldered Joints are preferred* ttireaded joints may be 
made with a good quality Joint compound and^or Teflon'* t^e. 
Examples of quality joint compounds are: Loctite'* pipe dope with 
Teflon'' (Part No. 529)< Crane** Je*30 pipe thread sealer with Tef- 
\on\ Rector'^ Seal No. 5, and Dow Coming'^ 730 Fluorosilicone 
rubber sealant, and their equivalents. 

CAUnONi If the heat transfer fluid is a silicone or a watei/glycol solution^ 
standard pipe dope WILL NOT prevent leakage. 

If ^centratmg or evacuated-tube collectors are to be used, silver 
solder or brazing aHoys are required throughout the system be- 
cause of the high temperatures encountered. Some building codes 
demand the use of silver solder, silver-bearing filler metals, or other 
^ brazing altoys for gjH concealed pipe runs in ditches and walls. 

Che^:!! your local codes before proceeding. 
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PiMtiePfp* 

Do not u«6 PVC for hot water epplicationr CPVC will »ag at at>out 
160^F. if not ad«quat«ly t upportod, tti«raliy praventing draining of 
draimlown syttoms, making fhiahing out of non*draindown tystams 
mora difft^tt and pravanting air tHJbbtaa from vanting pfoparfy. 
,^Polybulylana pipa will bagin to sag at about 200^^ In ganaral, usa 
Mtra cara whan using plattic pipa. 

GalvMiti#d ThrMdtfd Rip# 

Convantlonal galvanizad thraadad pipa may ba usad if alraady 
inttallad in tha axisting DHW ayatom^. All thraadad }ointa should ba 
thoroughly p^ dopad. 

SttiooM Coupling Hosm 

Silicona coupling hoaas ara somatlmaa racommandad by tha 
manufacturar for connecting collsctora to tha array manifold or to 
act as axpansim joints in tha hot watar ratum circulaticKi. Those 
hoaas can also ba usad batwaan plumbing of dissimilar metals to 
retard galyanic corrosion. 

Ordinary automobile radiator hoses should never be used, as they CAUTION! 
break down rapidly when exposed to the ultravoitet weves in sun- 
light, 

Silicona hoses should be clamped with Kned staintesa staet hosa 
clamps wHhout ihe usuel perforations. The rubber will extrude 
through tha perforations. 

Hanfllng und Anchoring Plpm 

Pipa hung varticatly should be anchored at the following intervals: 

COPPEft TUBING: one story or ten-foot intervals 

THREADED PIPE: every other story 

RIGID PLASTIC PIPE: half story intervals. 

Pipe hung horizontally should be supported at the fottowing inter- ^ 
vals: 

COPPER TUBING: eight-foot intervals for drawn tube, six foot for [ 
annaeted tube ) 

THREADED PIPE: twelve-foot interv^s 
RIGID PLASTIC PIPE: one t6-two-foot intefvals 
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Pip* Rims 

Long pip* runs increase heat tosses, pressure drops, and installa* 
tion costs and may require installing larger size pipe (see 
Appemliic B). 

Pfpo chases from rooftop collectors should be run through closets 
and between wall partttions. tf pipes must be routed through rooms, 
they should be run as near to the walls as possible, remembering 
that there must be a two-inch gap between two pipes, or between 
pipes and walls for insulation. Pipes that have to be brought into 
the house from ground*mount*d coltoctors should be routed as 
directly as possible, avoiding sharp bends and stir 

Expftnelofi 

All pipe should be hung or anchored loosely enough so that it can 
expand and ccHitract with temperature changes. A 100' length of 
copper pipe will ei^Hind approximately 1 " with a lOO^F. temperature 
rise. Using silicone hoses as expansion joints is advised in arrays 
where diere is no room for pipe expansion. Standard comigated 
expansion joints made of copper alloy are also available. Elbows 
will also allow for some expanstoa 

Uitdefground PlumbtiHI 

Underground plumbing should be well insulated (at least R*4) and 
buried below the frost line^ To keep insulation dry, the pipe should 
be wrapped in roofing paper and sealed with hot pitch. Buried pipe 
runs should contain as few joints as possible Some codes will not 
allow any buried joints. 

Plumbing runs through or under a foundation should pass through 
an iron pipe sleeve two sizes larger than the insulated pipe and the 
gap ftlied with sealant or other approved material* A^k your local 
plumbing inspector for suggested equivalent protectioa 

Take care that the pipe does not rest on any rocks in the trench, and 
do not support it on blocks. Avoid Ngh spots that may trap air. The 
pipe should rest on firmly packed earth or^f the bottom of the 
trench is rocky or uneven — a six-inch level Jayer of tamped sand. If 
soft soil of poor bearing quality is found at tfie bottom of the 
trench, deepen the trench by two pipe diameters and liackfill with a 
layer of fine gravel or crushed stone two pipe diameters deep* 

While backfilling the trench* be sure that rocks* broken concrete* or 
other construction litter does not damage the wrapped and insu* 
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!«Md pipt* SU indiM of Mrth should bo dumped ^nto Iho trttich. 
carefully twipod around tho ptpo to aHurt proper support and' 
ettgnment, and ttien covered with a layer o( treated boards to 
prevent damage to the pipe frora future digging. The remaining 
depth should be Hlled and tamped at 6*inch inteivals to prevent 
unsightly settling of the lawn* 

Siting y 

Typicallyt l^nnch pipe is used^tOJ^^ystems utilizing up to three 
cottectore. but certain fitUrige (for pump*. eteJ will have to t>e 
adapted to larger sizes. If total pipe rune are longer than 100 feet, 
%-iAch pipe may be required. Headen conmcting the cotlectocs 
should t>e of sufficient diameter to insure aqua^ flow rates through 
each bidividual collector. 

Standard pipe friction tables wrfft he^ you detemiine the araourt cf 
reeietance for the type end length of plumbing used. Remember 
that pipe friction will vaiy with heat transfer fluid, flow rate, and 
plumbing material 

Iftelellttlioii Tips 

Keep insides of ail tubes or pipes clean and ream out the ends of all 
pipes and tubing. Sandpaper oTemery cloth the outside surface of 
the ends of copper tubmg and the inside surface of all copper 
fitUnge t>elore eoldering. Surfaces mutt have ^ bright flniah. Bend 
copper tubing (providing it is anneidod or bending temper tubing) 
rather then use elbowe or other fittings. This wit! reduce friction 
fosses. Avoid sharp bends and use bending toolr Use eccentric 
reducers to join horizontal pipa of different sixes and avoid trapping 
air (Figure 3JX 
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fl#«(!»rM R«tum Hoofcu|» 

It it dMinbta to connect collectors in a paratlal raversa ratum 
mode. In this mode, iha distance the heat transfer fluid travels is 
aqualixad (Figure 3.2>. Balancing valves can t»e added for additionat 
flow control if the designer thinks it necessary. * 



coNnoufunoti 
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Series Hookups 

Cotlectors connected in a series mode ol>tain higher temperatures* 
thereby reducing collector efficiency. Series hookups are not rec- 
ommended for solar .DHW systems unless specified by the de- 
signer (Figure 3.3)> \ 

DUCTWORK FOB AIR DHW SYSTEMS 

Ducbmrlt should not leak more than & percent at the design flow 
rata. Use conventional methods for sizing* employing Ihe minimum 
gauge allowable to reduce th^ amount of heat ratarned within the 
ductwork 

Because of low-leakage requirements* only metal or properiy in^ 
stalled and sealed fiberglass ducts should be used. Take special 
care when joining ductwork to seal edges on corners. A Pittsburgh 
lock seam'is recomnnended* and added protecUon may be achieved 
by applying a product such as 3M*s EC*dOO^ in the seam before 
joining, and caulking all joints. Joints should be fastened with 
sheet metal screws or rivets so tliat Ihe ductwork maintains its 
integrity through repeated expansions and contract^ns (Figure 
3.4), 
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Prefabricated swivet ductworit has a tendency to leak more than 
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RGi^E 3,4: DUCT CONNECTION 



Duct hange^rs should be spaced according to conventionat stand* 
ards and should wrap around the insulation and not penetrate it In 
DHW solar systamst spacing of hangers will typically be 10' on 
centers. 



|mS m_ ^V riQl^ iMulating the solar OHW plumbing prior to system startup is an 

important part of the iniulatkm procodura. You will bo expactod to 
supply the pipe and tank kisulatfon, F^pa insulation will usually be 
of the doaad c«U foam type or spun fiberglass, InsiJato all exposed 
pipes in the collector loop and all ports of the conventional DHW 
systems except the city odd water supply. Insulate bK »!bows, tees, 
vatves, silicone hoses, pumps, and plumbing, butting il^ht up to the 
collector array and storage tanks. Gouge out insulation to fit over 
plugs and other hard"tx>*fit components. 

Do not insulate the pump motor housing, tempering valve, tops of 
air vents (Rgura 4.1)> or openings in vacuum breakers and relief 
valves. 

Ineylatkm Malmrlals and Amoynts 

The most common pipe insulation materials are: fiberglass, alas- 
tomers (Annaflax'^, Rubatox", etc.), ursthane, and isocyanuratea 
(Figure 4.2). The effectiveness of the insulating material is mea- 
surad in Revalues (resistance to heat flow [BTU/hr/T/ft.^]) or 
k^value (conductivity lBTU/hr7ft*/*F/inJ). The higher the R or the 
lower the k, tfie better the insutating ability. Some typical valuea are 
contained in Table 4.1. 




ncune 4.1 : rNSuiAmi air vEfrr (do 

f>ot innilfttt c^: mr ^nd^ 
of tnitiMon) 



The type of insulation best suited to a given insteltatton depends or> 
toca) costs^ava liability, job requirements, and insulatir^ qualities of 
the materials (Tables 4.1 and 4.2). 
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FIGUf^ 4^: nSEIlGLASS. UREIHANE. 
AND FOAM ftUBeEft 
INSULAtlOt^ 



TABLE 4.1. INSULATING VALUE PER INCH 



OF THICKNESS 



Rbargtass R-3 k-.26 

Elastomers R-3S k-.23 

Uf«thane ' k-M 

Isocyanurates R*7 + k-. 1 3 



Pipe insulation is usually sold by thickness. For elastomers. Vt" is 
common. Fiberglass and urettianes are generally stocked in one 
inch thicknesses. One inch of insulation is usually sufficient for 
pipes under 1" in diameter. This may be achieved with single layers 
of fiberglass or urethane. or a doubte tayer of the elastomers. As a 
general rule, pipes under one inch in diameter should be insulated 
to R*4. Pipes over one inch should be R-€.* 

Ifietalllnfl Fiberglass, Uralltana, and Isocyanuratas 

Rberglass and urethane insulation must be instalted after the sys- 
tem hydrostatic pressure tost (see chapter on Checkout). Both 
types of insulation can be bought in preformed halves and must be 
protected from weather and ultraviolet degradation by a watertight 
plastic or metallic Jacket Both types of insulation are available 
already jacketed. The slits in the {acket should be positiofted on the 
downward side of the pipes and taped over with waterproof, 
weather resistant tape. 

^Ifieulatmg p^p#« fncr«a«as Hm surfMe area avsftaU* for radiating haat Thara^ 
Hm, fl-vittiaa for inautation ara not aqutvalant to R-valu«a dorivad for 
flat aurfacaa. To calculate fl-va)u«i for pipa inaulation. uaa the foltowing 

Whara: - radkm of insulation 

r^ fed iua of pipa 

k = cocvluctMty 

L ^ langth 
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BGURE 4.3: aASTOMERIC ADHESIVE 



CAUTION! 




FKUifte 44: HOLOMG aJ^STOMEftlC 
INSULATION WfTH VISE 
GRIPS" 



Installing EUttotmric Instrffttkm 

This type of insulatton is norfnally put on piping prior to joining. Cut 
the tube of insulation slightly longer than the pipe to be insulated. 
Do nnt stretoh. SlidrnMo^the pipe and join by buttina Use the 
manufacturer's recommended adhesive to seal the joirite (Figure 
4.3). Slitting and gluaing this type of insulation is a less Advisable 
procedure. If necessaryi use an adhesive and tape the joints. A 
small liara spot will cause significant heat toss* so use care. Hold 
back from joints and valves with clamps or Vise Grips'* until after 
the system has beenJNydrostatically tested (Figure 4.4)* Expect to 
have to use t>*'0 layers of eitstomeric insulation to achieve outdoor 
insulation requirements. Stagger the location of the butted Joints or 
slits when using two f^rs. 

Eitstomeric insulation when exposed to the weather will rapidly 
crack and crumble unless jacketed or coated with a ptrirff approved 
by the manufacturer. Do not paint over fresh Joints. Paint should be 
reapplied every 3-8 years. Alsd elastomeric insulation will decay 
rapidly if buried without being thoroughly protected from moisture 
^ arKl^soMprganisms. 

Inetalltoig Pipe Inetrfation 

When insutating around valves outdoors, both valve stems and slits 
in the insulation should point downward to prevent moisture from 
getting between pipes and insulation^^other technk|ue is to use 
elastomeric tape insulation, multilayered, with each layer overlap* 
ping the last by 50 percent. 

Before painting insulation that is not supplied with its own Jacket, 
wash off the powdery surface with alcohol or toluol. Do not use oil 
base paints. 

Make sure that r»ipes going through holes in a strucUire are fully 
insulated and tha.^ holes are properly sealed to prevent leaks and 
the passage of insects and rodents. 

Do not use duct tape on outdoor insulation. Use silicone sealant at 
the butt of insulation and the collector array. Many of these types of 
insulation will begin to undergo degradation over 200^F. if you 
expect higher temperatures than that for lor^ periods of time, 
consult the manufacturer's literature. 

Insulating Air Ducts 

Fiberglass, glass wool, and urethane are the most common insula- 
tion used. Ducts must be insulated to at least R-4, and insulation 
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mutt tm c«r»fiytfy butted and lapped. Duct worit is now^availabta 
complata with insuiation. 

Fibtfglaaa duett at Itatt 1-tnch thick may be used indoort if prop- 
erly growtdt attembledt and all joints taped. Use VA-inch, 
3-pound dentity intulation or equivalept for sheet matal ducts. 

Insubrtii^ Storage Twiks / 

Storage and conventional water heatwr tanks should be insulated to 
R-1 1 . A few manufacturers now make ttnks insulated to this stand- 
aidi and you alto can buy prefabbed jackets in standard tank tiies. 
Howeveft it isjiuite possible that you may have to wrap fiberglass 
battt around the tanks. Duct tape can be used* and the foil vapoic 
barrier of the battt should face outward. Cover the tank comptetetV 
and evenfy; a surprising amount of heat can be lost through a small 
gap or thir spot in the insulation. When ^intufattng the tanks of 
gas- and oil-fifed water heaters, be sure the batts are kept a 
minimum of six inches from the burner so that the insulation back- 
ing does not present a fire hazard. You now may purchase tank 
insulatim kits from a number of manufticturers. 
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PUMI>9 

In a solar DHW tyttem, tha pump usually a low-hoftapowar 
vantrifugal circulator of about % th to Vasth honapowar Thta pump 
may ba tpacifitd by tha daaignar or tncludad as part of a total parts 
packaga* Howavar, In aom« installations you may ba callad upon to 
supply tha pump, and yo6 muat considar aavaral factors in onfar to 
choosa tha right ona. ^ 

Flowvs*H««d 

Tha flow rata is tha numbar of gallons par minute of haat transfar 
fluid that should .flow through tha ^Hactois. It is usually batwaan' 
.015 and .04 gallona par minute par square foot of collactor sur 
faca. Tha collactor manufacturer will spacify tha most afficiant flow 
rats. 

Haad ia tha prassura a pump m ust push against Thara aia onty two 
fypas of haad that ara of concam to solar DHW installars. Thasa 
are atatic and frictiont and thay must ba addad togathar Typical 
valuac ara:10' to 20' of watar. Haad varias approximately with tha 
square of the flow vatoctty. 

Friction batwaan tha transfar fluid and piping in tha system causas 
pressure lossas. Thssa friction haad lossas can ba datorminad by 
conaulting stendard plumbing teblaa in a numt>af of sourcas (saa 
Appandbt B). 

Stetic haad is tha height tha water must ba pumped. Unlike pras* 
sure losSi it has no ralationshfp to tha len gth of the haat ttansfar 
fluid circulation loop. Static haad ia a factor in an open-loop ays- 

Go 
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t«nn, tuch «t « draindown tty«t»m. btcauw Mch time th« pump . 
•ti4^ mutt mov* fluid to th« top of the coHedor. Kit not a factor 
in.cloMd«loop tytttriis. 

In 0 siplion draindown syttenii onco the fluid has been circulated 
throughout the^yttemi the static head disappears since the loop 
it cloaed. However, static head must tie considered in sizing the- 
pump. In ceftain inataltations, multiple controllers or multiple 
pumps may b6 (Wiuirad. 

Transfer fluids other than water wiN affect pump performance. 
CorrectKHt-factors for viscosity (which affects friction head), spe* 
ctflc heat (which affects flow rate) end specific gravity must be 
, used Information on such correction fctctors is available from 
^nafer fluid manufacturers (see Appendix 

Opwi va. CloMd Loop 

Determine if the loop ever will be exposed to air In a closed 
antifreeze system, a cast iron pump can be used, A draindown 
system, where air will enter, requires a bronze or stainless steal . 
pump to prevent corrosion. Galvanized pumps should not be used 
with ^ycolMater heat transfer fluids. 

SmIs and Transfw HuMs 

Magnetically driven pumps have no seals to wear or leak The 
pumps can be used with any transfer fluid, if compatible with other 
pump materials. Polyethylsne and polypropylene seals are at- 
taclted by petroleum*based transfer fluids, so pumps without seals 
or those with seals made of materials such as Viton** should be 
used. 

S el e c ting a Pump 

With the above points in mind, consult the catalogs and literature of 
ssveral manufacturers of appropriate pumps and examine the per* 
foimance curves. Pump curves plot flow (horizontal axis) versus 
head (vertical axis). Friction head ^ries with the square of the ffow 
rats. For example, if the flow doubles, the friction head is quad- 
rupled (Figure 5.1). ^ 

Picic a pump that most closely matches the design curve of the 
system you ate installing. That curve is a product of the total head 
pressure (which you must determine) and the collector flow rate 
spscifled by the collector manufacturer. 
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FIGURE 5.1 : PUMP AMD SYSTEM 
CURVES 
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In iomt catM,^two or more (Hjvnps in series nwy be necessaiy 
because of increased static head or a large number of bends in the 
pipe^ If there )$ less head than expected. It is possible to rsduce the 
flow rate. However, you must remember ttiat the CQolar a flat-plate 
solar collector nine* the higher tb efficiency. Thus; raducing the 
flow rate in order to install a smaller pump for the same gfven head 
is a poor economic trade-off. 

Select a durable pump. It will have to run for long i^e^ds of time at 
high temperatures and prestitires. A pump failure could cause the 
collectors to stagnate and damage tfie DHW system. 



Install the pump on a separate 15*dmp service line to prevent any 
possibility of overload and pump failure. The pump should be lo* 
cated on the supply side of the collectors, as close to the supply as 
possible, and below the top of the tank to retain its prime. Consult 
the manufacturers' llteratore for proper operating positions. Some 
pumps will wear out bearings rapidly if the/motor shaft is not in a 
horizontal positioa Check arrows on the cump to see if the flow is 
in ttie proper ditectton (figure 5.2). T^ftprassure gauge also will tell 
you if the impeller is ninning in the right direction. Some pumps 
can easily be instelled backwards. Make sure the pump is sup- 
ported adequately on both sides If it is heavy enough to need 
support Locate the pump where maintenance will be easy. The 
pump can be insulated, but the motor housing must not be. or tfie 
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IH0 of the pump will be thortttmcl graatfy. Install a strainer with a 
brass or stainlass stael scraen ahead of the pump to remove metal 
filings, sediment etc. that might damage the pump, ctog coltactor 
passages* or cause gafvantc corrosion in the system. 

Pump Op«r«tloffi 

It is important not to lose prime during system oparattons. Running 
air-bound for more than 10 seconds will damage the" pump if it is 
not 8«l^prtming. In draining down, the pump must be below the 
water level in the tank to retain prime. 

When you start a systeoi* the pump inay make some noise because 
of air iHibbles. This noise is hamiless and will diminish as the air 
tmbbles find their way out through the air vent vafves. If the bubble 
noise continues* check the system for teaks. 
VALVE AND GAUGE SELECTION 

Special attention must be given to the selection and placement of 
valves in a solar DHW system. Most of the plumbing is no different 
from that of a conventional DHW system* but the solar DHW 
system may have a collector loop separate from the regular plumb* 
ing and may use toxic or nonpotable heat transfer fluids. A variety 
of valves and components often needed for the safe operation of a 
solar DHW system are described below. Required components and 
their settings will vaiy slightly from one packaged system to an* 
other ' 

Backflow PfW0nHr/^\ 

An approved t>ackflow^re venter on the city water supply may be 
required in soma code jurisdictions lor any solar DHW system that 
uses a nonpoteble heat transfer fluid. A check valve is NOT a 
substitute for an approved backflow preventer and should not be 
used in ite place. Check local codes for raqutremente in your area 
(Figure Since a residential type backflow preventer may dis- 
charge in any direction.Jt should not be installed near electrical 
componente or items which might be damaged. 

Cttock ValM (Ono^Way Valval 

Check valves are designed to pemiit liquid flow in only one direc- 
tion. They should be instelled in closed loop systems to prevent 
reverse themiosiphoning of heated water from the storage tank inte 
the collector array. A number of designs are available for horizontet 
and vertical piping installations. Use of swing check vafves on 
vertical piping is not recommended because low themiosiphon 
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fIGUBC 5.4: SWING CHECK VALVE 
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FIGURE U: PPCSSURE fttUCF VALVE 




FIGUAe 5.61 TEMPEfUniff£ AND 

PRESSURE RELIEF VALVE 




FIGURE $.7: MOai^ VALVE 



prtssum may not completely close the valve. When installing, be 
sure the arrow on the valve is pointed m the desired direction of 
ftow. Check valvM also should be installefl in the drain (cop of 
draindown systems to direct water through the collectors properly 
while the system is operating. Usually a swing check valve 
mounted horizontally is preferable to a spring check vslve mounted 
veilically in a small pump system (Ffgure BAh 

Pretsur* MM Vdlw 

Pressure relief valves are designed to altow transfer fluids to es- 
cape from a closed loop if maximum woMrking pressure is e)cceeded 
(usually 30 to 45 psO. ^ 

If the system is not operating and the coltoctors reach stagnation 
temperature, tfte pressure relief valve will permit steam to escaoe 
and prevent damage to the system. The relief valve may be instollad 
ariywhere atong the dosed-kMq), but the general prwticeJs to 
install it in the return side of the loop near the eicpansion tank and 
on the suction side of the pump. There should be a relief valve 
between all closable valves. Coltectors must not^be allowed to be 
isolated without a relief valve in the line. The n^lief valve shoutd be 
either instelled AFTEn pressure testing or plugged during the test. 

Discharge from a pressure relief valve will be very hot and should 
be ccnnectedt therefore, to a waste drain or a container. If dis- 
charge occurs on the roof, damage or discoloration of roofing 
materials might result A glass container is recommended so that 
any fluid discharged will be noticed, indicating: the need for 
replacement of th» fluid If connected to a drain or a dry well, the 
end of the pipe should NOT be threaded (see chapter on Safety) 
(Figure 5.5). 

Temperature and Proeeure Relief Valvo 

Temperature and pressure relief valves are slm ilar to pressure relief 
valves but contain a temperature-sensing etement at the valve inlet 
that extends about six inches into the top of each stoi^ge tank 
where the hottest water is stored. Valve limits are usually set to 125 
psi and 210^F> Ratings should be listed on the valve. These valves 
are Sometimes instelled in the upper end of a tee fitting. The lower 
end of the tee should be connected by tepplng into the top of the 
tank by means of a close nipple. The hot water supply line is 
connected to the branch of the tee> 
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T«fnp«f«turt and prmura rtli«f valvat should be connacted to 
wtthin 6 inchas of a waate drain or dry wan to pravant unaxpectad 
diachaig* from scalding occufuints or sarvioa paraonnaL Tha and 
of tha ptpa should NOT be thraadad (Figura 5.6). 

Qparating a hot water tank or two tanks in sariaa without a tarn- 
paiaturo and prataura ratiaf valva is airtramaly dangarous and is 
lOEGAt. IN MOST AREAS. Check your local building codas cara* 
fiilly on this point 

T«nip«rifio or Mixing Valva 

This valve it used to add cold water to tha Bow of water from the 
atofaga tank that axoeeda a praaet temperature* uaually between 
120" and t4<rR This allows tha collectian of hottar solar water 
white protecting users from being scalded. Soma mixing valves are 
adiiuateble. tt should be {nateNed 12 inches below the hot water 
oudat with cold water entering from the t>ottom (Figure 5.7). 

Tha heat^aanring element of a tempering vatva must be removed 
before aoMering end rsplaced afterwards. High soldering tempera- 
tures will render tha aensing element useless. 

Praeeura Redudno Vahra OVeeaura R*oulator> 
Pmaura reducing vahm era often used in cofwentional water 
supply systems to reduce incoming water prassura and prevent 
damage to eome componente. These valves are usually installed 
whan tha incoming prasaa^ is greater than the working prassura of 
any component, such aa parte of a dr^indown syatem. Ptassure 
reducing vatvas should be preceded by a str&iner and iaolated by 
shutoffs lor cleaning (Figure 5.8). 

AlrVeitte 

Air vente eliminate air tMJbbles from the system. Vente are installed 
et the high pointe in the system, usually in the collector mantfbid 
and above the air eliminator <see Air Eliminator). 

Of the two main types of vente, the manual vent is the least 
common. It is opened and closed by hand, and with roof-mounted 
coftectora operation becomes Impractical. 

Automatic float vente are the most commonly used. The cap on the 
eutomatlc air vent must not be tightened; it ahould sit l&osely on 
tha threads. It is there only to prevent entry of dust or w%ter which 
would clog tha port The vent Ml/ST be mounted vertically (Rgure 

5.9>. 
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FIGUftC 51 f : VACUUM P£U& VALVE 




noune s.f 2: tsoutioff valve 



A$ a last at«p in any float vent installation, tighten the cap and than 
loosen it a full two turns. 

Air BlmlfMlDr CAlr SefMralor) 

An etr eliminator also removes atr from the heat transfer fluid. The 
fluid flows across a series of b^es tl>at causes air to bubble up 
out of the fluid stream. It is then etiminatod through an automatic 
air vent threeded into tbe top of the sooop^ Elin^inatots are usually 
installed above the eiipansion tank and include threaded fittings 
that wHI mate with most sizes of tonka (Rfure 5.10). 

Batonclno V«lv» 

A balancing valve can t>e used to control the flow of heat transfer 
fluids through each collector panel in those systems that do not 
have a reverse rsttivA piping arrangement A proper flow velocity 
through each coltector is necessaiy for optimum efficiency. The 
Simplest and least expensive type is the square head cock, which is 
installed tietween ^ach collector and the manifold, dovimstream 
from the pump to pravent cavitatkin. Ball or gkto^ valves are also 
commonly used. Oonot use a gate valve for balancing. 

Sdeftold Valm 

Solen<Hd valves are etactricatly operatod valves used in draindown 
systems to start and stop (as well as divert) the flow of heat transfer 
fluid. Most draindown systems use two such valves: one normally 
open and one nomtally closed. When a freezing condition exists or 
electrical power fails* the valve which allows fluid tocirculato to the 
collectors closes and the valve used to drain the systenfi opens. 
This procedure is rwarsed when the weather is wamn and sunny. 
Solenoid valves may rectuire some regular maintonance. (n regions 
with infrequent freexing, its operation should be checked occa- 
sionally. 

ThrM-Way Valves 

Three*way valves are not recommended because of their tendency 
to leak through the closed part Instead, use two or more regidar 
valves. 

Vacuunt Relief Valves 

Vacuum relief valves are used in draindown systems and are in* 
stalled et the high point of tfie system above the collector. This 
valve pemtits the system to drain, using gravity by admitting atmo* 
spheric prsssure into the retom piping. It is sometimes installed 
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abov« tht cold water intttt of stomo* tonks to eliminate vacuum 
conditkms that could coltapta the tenks CRgure 5.11). 

leolalioi^ Valve* CShtrtoff Valm) 

Itolatton valv^ should be instalted to permit certain components to 
be serviced WT0K)>yt having to drain and refill the system. 

To avoid unauthorized tempering with the system, use tool- 
operated valves Of remove tfie valve handles and etore them in a 
safe place (Fiours 5.12). Globe vahres should not be used because 
they restrict flow and reduce system efficiency. 

IsolaticKi vahres should be pieced at the fbltowing locations: 

1 > One on each side of the circulator pump and sfaatner 

2. One at the cold, or city water supply intet (to shut down the 
entire system). 

3. One on either side of an external heat e)cchanger for servicing. 

4. One on each side of the screen ahead of a pressure regulator. 



Isolation valves should not be instalted^d way that could isotate 
collectors from pressure relief valves or temperature and pressure 
relief valves, and the^xpansion tenk. H this occurs, collectors could 



ie^x| 
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burst during stagnation conditions. 
FlllVahM 

A fill valve <s usually a gate valve with an open end facing up. It is 
used at the high point in some systems for manual filtup with heat 
transfer fluid. 

BoUm* Draht Vatv* 

There should be one boiler drain vahre at the bottom of the stoiage 
tank for draining and periodic cleaning. There should also be two 
on the collector loop near the storage tenk. These two valves are 
used for charging up the system using a pump (see chapter on 
Checkout), and they should be separated by an isolation valve, 
which can be cbsed for system charge*up until the air is purged. 
After the system is charged and capped, remove the valve handles 
and label the valves with the charge-up date (Figure 5.13). 

Pressure GauQ* 

A pressure gauge should be installed on the collector loop or on the 
top of the air eliminator (Figure 5.14). 
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ITwinofiwtorv are not absdutoly nactMaiy* but they can provide 
usaful infonnatian to the homaownar and tarvica parsonnal. Plac- 
ing thamiomatort on the faad anc^nttum ai^s of tha collattor 
circulation will ghra tome indication of how tha tystom it mrlk* 
button-tyi>a thermomatert or prDl>a typaa with diama* 
, tart of lata thait '/i«*inch that block >«ta than 20 parcant of the pipe 
diamalar. Thannomatara with larger probat can be uaad if tnstallad 
in aproportionatalyJarBar fi^ng. A cl^*np<on type thannomatar can 
be uaaftil atao. 

CooiMiiatloa T«mparatur«/Praaaur» Gauga 

A combination gauge provtdea t>oth temperature and pressure in- 
formation on one instrument. 

Oapswl TIma NM^r 

An elapaad time meter can be temporarily or parmanentiy instated 
on a pump to datennine when and how*long it is running and* 
tharafore. whether the system is operating property (sea chapter 
on Checkout). 

OAMPEfl 

Dampers are used to corttrol the flow of air in an air system. Make 
sure ^t dampers have positive seals* correct installation, and 
proper functioning. Leaks of cold air cqu cause the heat exchanger 
to fraalie up and witi also decrease system efficiency. 

EXPAM8ION TANK 

An expansion tank is a necessary componeiit of a solar DHW 
system iwhich has a closed circulation in the collector loop. As the 
temperetura of the heat transfer fluid in the loop rises, the volume 
of fluid expands, The apparent expansion r^ie per degree n$e will 
depend on the heat transfer fluid used (Figura^S.IS). 
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nCURE $.1 5: EXPANSION TANK 



For example* water has an apparent expansion rate of .025 percent 
. per degree of temperature rise A SO^gallon vcAimb of water at 
60^F^ will expand to 51.75 gallons at 200^^ The expansion tank 
must compensate for this variation In volume to keep system pres- 
sure betow the maximum pressure alfcwad for the- system compo- 
rients. ^ 

If the temperature nnd pressure in the system rise beyond preset 
limits* the pressure relief valve will blow off fluid to keep the system 
functioning within the allowable pressure range. 
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Nonpr«Murired op«n systems do not require a separate expansion 
tank because volume variations are usually handled by the storage . 
tank. 

Dtaphragm or BUdder Expansion Tank 

This tank contains a flexible diaphragm with an air charge on one 
side and heat transfer fluid on the other. As the fluid changes 
temperature and volume, the bladder compreases the air charge 
and makes room for the expanding fluid. 

Nmidlaphragm or Expanding Expansion Tank 

This tank operates in essentially the same way as a diaphragm tank, 
but because there is no diaphragmt some mixing of air and heat 
transfer fluid will occur Open nondiaphragm tanks must be 
mounted near the highest point tn the system with the a^r chamber 
at the top. This may mean placing H outdows. Closed nondia- 
phragm esqiansjon tanks can be located anywhere in the system. 

Sfatlng Expansion Tanks 

Manufacturers of ^pecialired heat transfer fluids should provide 
expansion factors for properly sizing expansion tanks. Glycol mix* 
tures, for example, require a slightly larger expansion tank than 
would t>e rtecessary for an eqiial amount of water. 

mstallftHon 

The expansion tank should be placed on the suction side of the 
pump in the collector loop. A diaphragm tank can t>e installed either 
upward or downward without seriously affecting performance. 
Downward is preferred to reduce heat loss. A pressure gauge 
shoutd be provided by the manufacturer for instattation with the 
expansion tank. Do not tamper with or adjust the preset vatve. The 
a1r side of an expansion tank is prepressurized by the manufac- 
turer, if it is necessary to chap>ge tha ^ir charge m the tank, there is 
a threaded valve on the tank bottoo^^ 

Do not install the tank until after the system is pressure tested CAUTION! 
tiecause the tank may be damaged during testing. Also, do not use 
a galvanized expansion tank with a water/glycol heat transfer fluid. 

Butyl rubber diaphragms will deteriorate when in contact with oils CAUTION! 
or water/gtycol heat transfer fluids. If glycols are being usedt the 
diaphragm should be neoprene or some other suttabto material. 
Oils require a nondiaphragm expansion tank. 
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CAimONi If an aiqHinsion tank suddenly loses pressure, do not simpty 
repressurixe it Loss of pressure may indicate a leak in the dia- 
phragm (if the tank has one) or some other system malftj^ction. 




Heat exchangers and storage tanks can be considered functionally 
together Heat transfer fluid passing through the heat exchanger 
heats domestic water in the storage tank or tanks. In many sys- 
tems, heat exchangers will actually be immersed in the storage 
tank. Many solar DHW system component suppliers sell exchang* 
ers and storage tanks as cdmpi^ta units. However, you may 6nd 
yourself installing a deparate storage tank and heat exchanger, or 
even fabricating a storage tank^h^at axf^hanger unit on-site. There- 
fore, this chapter includes ^ hiH description Pf various types of heat 
exchangers and storage tanks^ 

HEAT EXCHANGERS 

Heat exchangers are used to transfer thermal energy from one 
medium to another across an enlarged surface area. Heat exchang- 
ers separate the haat transfer ftui^l in the collector loop (either air 
or liquid) from the domestic wator $tcupty in the storage tank. By 
using a heat exchanges uniy a small portion of the total amount of 
fluid must be treated to p^^ev^nt system corrosion or freezing. 
Although heat exchangers aro usuaMy bui't ir\o or around the hot 
water storage tank, they also can be separate units. 

TypM of Heat Enchangers 

Solar DHW heat exchangers can be either single- or double-walled. 
While bot|i tiqufd-to-liquid and air-tO'liquid heat exchangers are 
used in solar space heating systems, most solar DHW systems use 
a Irquid-to-liqufd heat exchanger. 

Thermosiphon and draindown systems do not use heat exchangers. 
The domestic water supply itself is circulated through the collec- 



HEAT EX- 
CHANGERS 
AND 

STORAGE 
TANKS 




HEAT EXCHANGERS AND STORAGE TANKS 



tors. Drainback systems employ a 8ingle*walled tiquid-Uhtiquid 
heat eitchangar, wHh both fluids being water -^^^-X 

Systems ueing tfansfsr fluids ottMr than potable water (see chap* 
ter on Transfer Ruids) in ttw collector loop are required by HUD*s 
II^P? to t^fl^ doubl6*walled heat exchangers if the fluids are non- 
potable as deflned by either IMPS or by the local health authority 
having lurisdiction. Extra thick single walls are not considered ac* 
captable protection, nor are single*walled conflguratione depend- 
ing on potable water pressures to prevent contamination. Suppliers 
of ttM heat transfer fluids used in the system you are installing may^ 
be consulted about the required degree of saparation. 

HMt Exchanger Deelgns 

There are currently a number of different heat exchan^r designs 
that can be used in a solar DHW system. 



FIGME ^1 : SH&L ANO TU&E H£AT 
EXK>W4G€fl 
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Shell-and-tube heat exchangers consist of an outer casing or ehell 
surrounding a bundle of tubes (Figure 6*1). The transfer fluid circu- 
lates between the shell and the tubes of water. The tubes are 
usually steel, cOppen or sometilmes stainless steeL This type of 
heat exchanger cannot be used with a nonpotable transfer fluid 
unless two are us^d, but 'it can be used witfi a drainback system* 



FIGURe B.7: WftAPWUlOUND H&kT 
EXCHANGER 



There are several types of double-walled heat exchangers. A 
Mr «h<it double separation is always required when a nonpotable transfer 
fluid is used. One type consists of tubing wrapped around and 
bonded to a tank figure 6.2). Potable water can circulate either 
through the tubing or the tank. There must be good themtal contact 
between tank wall and tubing, and the unit must be covered with 
insulation to reduce heat losses. 
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Tub»*in*tuba exchangers consist of tut>e8 of domestic water and 
cottector heat transfer fluki in direct thermal contact figure 6.3). 
There is no intenne::iate heat transfer fluid* The outer tube may be 
finned to help transfer adcfitional heat This type is suited for non* 
potable heat transfer fluids. 

ParalM-tube heat exchangers figure 6A) consist of paratlet tubes 
in continuous contact in which the heat transfer fluid and the fluid 
to be heated flow in opposite directions. 

Airto-water heat exchangers cmsist of a finned water coil in a 
closed duct on the hot air return side of an air collector anay 
(Figure 6>5) or a coil buried in the rock storage bin of an air space 
heating syst«n. 




iMMf tub* 

Hm Xrtmm fluW 
Flnn«d outtf tub* 
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FIGURE e.4: PARALLEL TUBE HEAT 
EXCHANGER 
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Slxlng HMrt tMchangmr^ 

Most heat exchanger mdnufacturars use computer programs to 
choose the proper heat exchanger for specified temperature and 
flow condittons. Manufacturers should supply heat exchangers 
with ratings indicating heat On BTU^s per hour) that will be trans- 
ferred when supply side and load-side entering temperatures and 
the flow rates of both sides are known. If the manufacturer's lit- 
erature does not supply adequate infbrmationt contact the techni* 
ojI sales department for additionaf infmnation. 

litsUlHng Heat Exchanoers 

In most solar DHW systems, the exchanger will be a coil immersed 
in one of the hot water tanks. If an external type heat exchanger is 
used* be sure that it is adequately supported and well insulated. Be 
sure pipe connections to it and from heat exchangers are in accord 
with prescribed flow. Allow room for maintenance and drainage if 
the heat exchanger is a separate unit 

STORAGE TANKS AND SYSTEMS 

Water is by for the most common storage medium in solar DHW 
systems, ftock storage is another method of sensible heat storage, 
but is not generally used in systems that are exclusively DHW. 
Storage of heat in solutions of phase-changing satts is exfa^mely 
rare in DHW systems and therefore is not discussed. 

Slngle*Tattk vs. Two-Tank Syetams 

The backup conventional DHW heater can be installed as part of 
the solar DHW storage tank or hooked in series witli it For 
example* a single^tank solar DHW system can be made from an 
adapted electric water heater of sufficient size by disconnecting 
the lower of the two electrical heating elements fronrthe power 
source- There are also tanks now available with one element in the 
middle for solar applications. In draindown and drainback systems* 
the collector supply line outlet generally located in the lowest 
third of the storage tank to draw out the coldest water and circulate 
it through the collectors so they will work at highest efficiency. 
Combining both auxiliary and solar DHW storage in one tank does 
reduce the system's storage volume. A one^tank solar DHW sys- 
tem will probably require a larger tank than conventional DHW 
systems. 

In a two-tank system the solar DHW tank serves as a preheat tank 
and has a cold water inlet. Supplemental heating takes place in the 
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cocwffitioftal DHW tantt Two tanks require mora floor space, and 
standby losses will he gusstor But cotlsctort o^n will recsive I ' 

lowar intst tsmpsfsturss, improving their efficiency. 

The source of auitiSaty heat is also a consideration. Because a gas 
hot water heater wilt not stfstify. two tanks may be more detirable. 
An electric backup with the bwer element disconnected may func- 
tion better in a one tank configuration. 

Types of Slonig* Tanks 

You prot)ably wilt install only two types of tanks: steel or fUterglass. 
Stoel tefiks are usually lined with either glass or concrete (stone- 
lined). Stone-lined tanks are hsavier, site and weight speciRca- 
tions are available from manufacturers. If the fluid in storage is 
ptessufized. tanks larger than 120 gallons must carry an ASME 
label, indicatihg that its construction conforms to accepted stand- 
ards of safety. 

r 

Rberglass tanks are lighter than glass^ or stone-lined sted tanks 
and are highly corrosion resistant. You should che^pressure and 
temperature ratings of this type of tank to see if it wfrwithstand the 
maximum pressures (100 psi or more) and temperatures imposed 
by Jthe system you are installing. Most fiberglass ianUs cannot be . 
used to store water as high as 220""^. even if unpressurized. As 
pressure increases* its temperature limit decreases. 

Tanks must have provisions for alt supply and return tines. Tanks 
can have either buitt-in heat exchange Uf any are required) or 
separate unite ti>at you instell. 

Tempac(Aurs and pressure relief valves are mandatory for all hot WARNINGI 
water storage tanks or in at least one tenk of a two*tenk system. 

f n«jp«€tliig Storage Tanks 

After the tank is delivered to the job site, check it for obvious signs 
of dar^age. You may want to pressure test it l>efore putting it in final 
position, because the tank may l>e difficult to move once properly 
placed. Check the condition of the in-tenk heat exchanger, if there 
is me. If the hearejcchanger coit is suspended in the tenk, bounc- 
ing around durin^hipment may have damaged it. Reject damaged 
tenks immediately. 

f^ug alt tenk openings to prevent dirt from entering. If space con- 
siderations permit leave the tenk crated until the move is co»n*^ 
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pleted If the tank is to be towered into a basement, you may need a 
winch, especiatty if it is a stone*lined tank. In most cases, at least 
two people and a hand tmck will be necessary. Take care not to 
damaQt the tank while moving it into place, 

Pladng Storage Tanks , 

The best storage tank placement is near the existing DHW compo- 
nents with protection from moisUire and cold, near the point of use, 
and in an area where drainage, leakage, or valve*venling will not 
cause damage, tn most cases, this would probably be in a cellar or 
an enclosed porch. 

WARNINGI Storage tanks should not be installed in areas where flammable 
liquids are stored. 

For thermosiphon systems, the storage tank must be a minimum of 
18" - 24" above the top of the collector array, which may require 
placing the tank on an outside platform, the roof (depending on 
collector location), or possifaty in the attic. 

Tanks should be level and upright (if at all possible) to obtain the 
best thermal stratiflcaUon of the lfi»t water* If a tank is placed in a 
basement or other unfinished an»a, placement should be on a 
concrete pad to ensure that it stays level A tank below grade 
should be set up on blocks to prevent corrosion in case of flooding. 

In a two^tank system, the storage tank should as dose as 
possible to'the conventioruil hot water heater and Vtm ele^tn^ 
hookup, but keep enough room between them to conduit mainte- 
nance and repairs. V^y^ 

Inetalllng Storage Tanks 

After the tank ts in place, shut off the main water supply to the 
existing water heater (if this is a retrofit installation) and bleed off 
enough water to empty the supply line. Connect to the rest of the 
solar DHW system (see chapter on Transfer Ruida). Pipe connec- 
tions should be provided with the tank. When plumbing the solar 
storage tank^in series with the conventional DHW tank, always 
faring the cold water supply into the solar storage tank first. 

When installed, the storage tank should be leak tested before 
insulation is added (see chapter on Checkout). 
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The task of the controller in a solar DHW system is to make the 
system collect as much useful heat as possible and deliver it to 
meet the hot water demands of the system*s users. The three basic 
components of a controller are the sensor subsystem* the differen- 
tial thermostat* and the output subsystem. 

Th« Smsor SubsysMnt 

Sensors measure tonperatures in various parts of the solar hot 
water system and s^ml signals to the differential thermostat Sev- 
eral types of $ensoi*s are used in solar applications. Sensors should 
be able to withstaiid collector stagnation temperatures. Because 
the controller gen^ralty is calibrated for a particular sensor, use the 
sensors supplied by the manufacturer. One sensor fs mounted at 
the bottom of the preheat storage tank and the othe"* on the collec- 
tol' absorber plate or on the outlet pipe. Always double check to see 
that you have mounted the proper sensor in the connect location. 

Some differential thermostats allow for a third sensor. A 
temperature-limiting device or high-limtt aquastat will work in con- 
junction with a tank sensor mounted at the top of the tank. This 
device can be set at a maximum desired temperature and will stop 
circulation of heat transfer fluid through the collector loop by cut- 
ting power to the circulator pump whenever the cutoff temperature 
is reached, in a'draindown or drainback system, ttiis will prevent 
fluid t>oiling in the collector loop. Along with the mixing valve, it 
also provides added protection against scalding. 

In a draindown system, a low-set or frost-cycle sensor is installed 
for freeze protection. This sensor measures ambient air tempera- 
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turv or collector Keader temperature and drains the system of water 
when the temperatm^e drops to a preset low. When there is avail- 
able sunshine and the pump is operating, the differentiat thermo- 
stat autonietically overrides the frost sensor to prevent draining the 
collector loop. 

The DtffvrentSal Thermostat 

The differential thennostat receives signals from the sensors and 
uses this input to conbot the system. It is usually factory*set lor 
high hnd low temperature diffsrentials to maximize the amount of 
heat energy cotlectod and storedt and to minimize excessive cy- 
cling. This reduces. wear on pumps, blowerst and reteys and 
minimizes the amount of power necessary to operate the solar 
DKVy system. 

Most differential thermostats are of the on-off type; the pump or 
blower is either full on or off. Typically, the system comes on when 
there is a 10°-18^F. positive temperature difference between collec- 
tor and storage and shuts down when there is a 3°F. temperature 
difference. 

Proportiond) diffsrentiel thermostats are available that can vary 
pump or blower speeds as a function of the temperature differential 
between collector outiet and storage. Proportionel controllers are 
not recommended for drainback or draindown systems because 
pumps may not receive enough power initially to fill the system at a 
reasonable rate. Be sure to use the size and type of wire specified 
by the manufacturer. 

The Output Subsystenfi 

The output subsystem delivers the appropriate control voltages 
from the different^ thermostat to pumps, valves* fans, or dampers. 

Switching is done wtth either conventional relays or with solid state 
relay circuits. Conventional relays withstand momentary overloads 
caused by occidental shorting or by close lightning surges. 

Surges wilt instantly destroy soKd state relays. Ttterefore. the in- 
stallation must be done properly so that no unusual loeds or surges 
occur. Some controllers have built-in protection against power 
surges. For pre-wired pump/control combinationst solid state re- 
lays are a good choice. 

Prvpariitg for Installation 

Proper installation of the controls is crucial to the safe and econom* 
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ical oparaiion of the solar DHW system. Tha aystem manufacturer 
or htft vvprmantativa thould aithar provide tha control equipment 
as part of the system package or specify it Study the wiring 
diagram. The equrpment should be accompanied by complete wir- 
ing instruction, tf iristructions are unclear, you should consult the 
controller manufacturer, 

Mouiitin9 tli« Control PaiMl 

The control panel consists of the differential thermostet assorted 
relays, and other equipment included by the manubcturar. The 
panel should be mounted in a well-ventilated location that allows 
easy access for maintenance and system operation. It also should 
be far encHigh away fryn storage tanks and plumbing so that leaks 
and drainage will not daiypen the floor under it A dry wooden 
platform should be provided for workmen. 

All controls and equipment must be properly grounded and plug-in 
connectors should have built-in grounds. All equipment requiring 
electrical connectors over 50 votts should have a positive means of 
disconnect adjacent to and in clear sight of the controller a^d other 
equipment. 

Locate the system on a separate unswitched circuit or, if neces- 
sary, one with a very light load. Remember that failure of the 
controller because of an overloaded circuit could result in expen- 
sive damage to the solar DHW system. Power supply to the controh 
ler is usually 120 voltes All wiring and equipfnent must be instelled 
in conformity witti state and local codes« The control system 
wiring is low voltage, usually 24 voltet and 20- or 22-gauge ther- 
mostat or bell wire is usually used. Shielded wire should be used if 
there is evidence of high voltege interfering with the low voltage 
signal. 

VWrfito 

Roughen service wiring from the control panel to the sensor loca- 
tions, valves and pumps (in liquid systems)* or dampers and blow- 
ers (in air systems). Wrra runs should be as short as possible. 
Wiring should be color coded and labeled. Make sure the wire you 
have selected can handle the system load. Outdoor wiring with 
weatherproof cover should be used for the run from the coll^or 
sensor to the controller. It can be run along the return line through 
the pipe flashing and secured to the pipe insulation with plastic 
strap clips. All wires and cables should be supported along runs. 
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and tiMtric cabt« must be securely ancKoml to {unction boxes. All 
low voHage wire should be soldered (using rosin flux) to obtain the 
most eccurete signal tiansmission. 

Mouittiiig Collector Sensor 

The coltsctor sensor woitcs most effectively when attached to the 
back of the absofber ptate. but it also will woik well if attached to 
the first 3 inches of the collector outlet fHpe at the top of the 
collector. Ideally, the sensor should be tmmened in the heat trans* 
far fluid ieaving the collector. However, sensor probes should not 
protrude into the collector piping and impede the flow of the heat 
transfer fluid. Some manufactursrs supply collectors wi4i sensors 
already attached. 

The sensor can be attoched to the absort>er plate with a clip or bolt 
The sensor should not touch the walls of the oitlector box because 
the box will act as a heat sink and will produce lower temperature 
rsedrngs. 

CAUTION! Do not bend the $eri3ors; this can affect the rsadings. Do not 
solder the sensor to the absorber plate or storage tank. 

The sensor can be attoched to the collector outlet pipe with a hose 
ctamp or a prsssure clip. Certain types may be installed in a 
T'fitting (f^ure 7M, Take care that the T-fitting does not leak and 
that the sensor does not restrict the fluid flow. In an air system, the 
collector sensor can be placed in the air duct just outside the 
collector hot air outlet and held in place with sheet metal screws. 

However the sensor is attached, be ceitain that there i^ good 
thermal contact with the underlying meteL Tharmal cement can be 
applied between the sansor and the underlying metel to ansure 
good heat transfer. Thermal cement alone should not be rstied on 
to maintein a good mechanical attachment, T!ie sensor should be 
adequately insulated so it is not affected by ambient air tempera- 
ture. It should be protected under the insulation by a layer of 
waterproofing tope capable of withstending high temperatures. 

IMounting Tank Sensor 

The location of the sensor in the storage tank depends upon the 
placement of the collector outlet sensor and the differential ther- 
mosttf (some are adjustabts). In a one*tank system (solar storage 
and conventional heater in one tenk) the sensor should be <n the 
bottom third of the tank. Some sensors can be instelled by mount- 
ing them to the outside metel surfece of the actual tenk using 




thtrmal •poxy* Do not drill into tho wall of « lined «toreg« tank. 
Raintmbar that tha tank mutt ramatn wattftigKt Do not mount in a 
tampafvlura pfMsura fitting; 

Soma tank aansoca ar« avaiiaIHa at threaded, pre^ataembled. 
aealod unita. Be aura the thraada are watertight. Bulb-well aeneora 
require thennal cement to hold tham in place. 

McHinHnQ Froet Seneor 

Froat aenaora for draindown ayatema ahould be placed in a 
moi$tura*pf0tected and unhaated location near the collectort. auch 
aa under the eavea of tha roof* Froat aenaora ahouki NOT be 
inaulated. 

Hookup ami TmHhq 

Before working on a circuit remove tha fuse or tnp tha circuit 
breaker, OHW ayatema are manufiachired for a apacinc phaaa and 
voltag«i; {ncorrect voltage may damage the controla. Check before 
hooking up the ayatam. 

Before wiring the thermoatat to tha circulator pump, check the 
pump circuit for a short or a ground fault that could damage tha 
thermoatat and void the warranty. 

Make aura that the controla iaolato tha backup circuit from tha adar 
circuit ao that the auxiliary heater ia not affected if the aolar anergy 
ayatam breaka down. 
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Solar DHW tyMmts ar« no mora hazardous than convantional 
domwtie hot water syttoms. Indeed, with a*faw important axcap- 
tiont, tha safety pracautiont to be fbllowad in installing, oparating, * 
and servicing a solar DHW system ara the same as for conventional 
DHW tystams. 

The major excaption is that some solar DHW systems use toxic or^ 
nbhpotabta heat transfer fluids. In this case, you mint take particu- 
lar precautions* ^ 

^ ClectrlMl Safety 

Connections and circuit protection at ttie service box must me«it 
local code requirements. The system controller should have its own 
property grounded lind protected power outlet Instellation person- 
nel shoiild not stend on a damp floor white working on a circuit A 
dry wooden platform should be provided under the service box, and 
the box should be located for enough from the storage tanks and 
pfumbirtg so that leaks and drainage will not dampen thelfoof near it 

Malntenatice Personnel Safely 

Components should be focated to assure safe, easy access to 
collectors, pumps, storage tenks, and the a>ntrol system for 
periodic i«ispection, maintenance, and replacement To make main- 
tenanoeand troubleshooting faster and safer, post a chart near ttte 
system listing the appropriate sate pressurss, fill levels, flow di- 
rections, and other information for all crucial valves and other 
componente. Alt crucial valves and,co)nponente also should fiave 
such information attached on cleariy labeled ti^s, according to 
HUD'S IMPS. 
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The main fuse should be pulled when maintenance personnel work 
on the service box. When working on one circuit, either remove the 
fuse or trip the circuit breaker. 

PtdMtrtait and Vlsitoir Safety 

All sorfoces with operating temperatures of 12<rF. or above that 
cannot be insulated (such as collectors if groun<^ mounted) should 
be marked as poterHial hazards to prevent bums. All tempertiture 
and/c pressure relief valves should be located so that pedestrians 
and equipment wilt not be harmed when the valves vent. If local 
snow loads are more *han 20 pounds per square fdot» adequate 
protection should be provided for shrubbery and for pedestrians, 
who might be endangered by snow or ice sliding off roof-mounted 
collectors. 

HMt Traitsf^r Ftuid Safety 

Heat transfer fluids should be safe and stable at both stagnation 
and normal running temperatures. Toxic heat transfer fluids should 
be discharged into dry well storage or sanitary (train in a manner 
acceptable to local codes. A harmless dye should be added to all 
toxic or nonpotable heat transfer fluids if they are not supplied with 
color added. 

All outlets and faucets on nonpotable or toxrc fluid lines should be WARNING! 
wired closed and tagged DANGER—NOT DRINKABLE" As rn 
added safety precaution, the ends of pipes draining toxic heat 
transfer fluids SHOULD htO^ BE THREADED. This will prevent 
using hose caps and hookups for domestic usage. 

There should t>e an air gap of at least six inches between the end of 
a pipe draining toxic heat transfer fluid and the drain. This will 
prevent any ffuid from being siphoned back into the system. If the 
toxic fluid drain is accessible to children or pets, shield it with wire 
screen or other material to prevent poisoning. An approved 
backflow preventer at the cold water supply inlet may be required 
by local codes. The layout of the system must be designed so that 
direct connection between system wastes and the potable water 
supply is impossible. 

Rememtwr. there must be a double-waited heat exchanger or some 
other approved method of separating toxic and nonpotable heat 
transfer fluids from the heated potable water. Single-walled heat 
exchangers with extra thick walls or those that rely on potable 
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water pressure to prevent contamination are not acceptable to 
HUD'S IMPS. 



User Safety 

A tempering valve should be instaHed to limit the exit temperature 
of the domestic hot water to prevent scatding. Brass caps shoirid 
be used on alt drain valves. 

The vacuum relief valves required to prevent the collapse of storage 
or expansion tanks must not be allowed to freeze. 



>Whan installation is completed* the system must be checked Ibr 
leaks before it is charged lor use. The type of system will determine 
what leak test and charge^up procedure to folkwv. Remember to 
keep the collectors covered. Follow procedures recommended in 
the manufacturer's instructions. 

CloMd-Loop Syste m — Hydrostatic Tset 

All elastomeric pipe insulation must be pulled back from joints and 
component connections and hekl by clamps during leak testing. Be 
sure to remove all gauges* relief valv^es* and expansion tanks aiKf 
plug the openings. These may be damaged if tested at pressures 
greater than their design limits. Shut all fill and drain valves. 

Conduct a hydrostatic test of the system as described in IMPS 
S-615-10.10.1. Cover the collectors fthey must be at a constant 
temperature). Fill the system aiKf bring up to teet pressure. For bast 
results, test for one hour at 1 Va times maximum design pressure. 

Do not use water to test silicone or oi) systems bacause any water 
left in the system will separate out and could boil* freeze* or cause 
corrosion. Because watei/glycol mixtures will leak in situations 
when water will not, use only those mixtures to test systems using 
them as heat transfer fluids. 

Check all joints. If leaks are obsefved. tighten or resolder and 
retest. After the test drain the system completely into a container 
in order to measure the system volume. This will determine the 
proper amount of heat transfer fluid needed (or the amount of glycol 
needed to make another batch of anti-freeze mixture) to refill the 
collector loop. 



CHECK- 
OUT 
AND 
CHARGE- 
UP 



CAUTION! 
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CHECKOUT AND CHARGE-UP 



Dratnclowii System— Oraiit Unm Test 

Because all lines must drain completely by gravfty* be sure that atl 
pipes are pitched properly, that solenoid valves are operating prop* 
eriy by applying operating current and that there are no obstruc* 
tions in the system. 
Atr Systotn^Mk OatocHon 

Leaks m the ducts of solar air systems are more^ifficult to detect 
than leaks in systems using liquid heat transfer fluids. Since leaks 
can lower system efficiency* all sheet metal ducts must be fabri' 
cated and fitted with special care. 

Before insulation is applied, turn fans on and slowly pass a wet 
hand over all joints and seams to feel air leaks. If possible* blow a 
scented nontoxic gas through the system and locate the leaks by 
smelling at all potential leak areas. 

WARNING! Because of the hazards involved, using an open candle flame to 
detect leaks is definttely NOT recommended. 

The potable water plumbing of air coKector solar DHW systems is 
tested as described above. 

Pumps and Stfftsors 

Proper cycling of the system can be tested by installing an elapsed 
time meter. It can be removed after a few weeks when yoo have 
e^stablished that the pumps and sensors are opefating correctly. An 
installer who does many solar DHW installations would find an 
elapsed time meter a usefut investment. 

The mefer should indicate pump operation during the sunny parts 
of the day (primarily between 9:00 A.M. and 3:00 P.M.) and no 
operation at night. If the pump runs at night or continuously* it is a 
clear indication that something is wrong with the control system. 
The most likely cause is reversal of the collector and storage ^ 
sensor to the controller. 

Sensors that are faulty or make unintended thermal contact with a ^ 
heat source are a major source of control problems. Sensors must 
be tightly attached. If you suspect a faulty sensor, dip it alternately 
in hot and cold water to see whether the pump starts or stops. 

CHARGING THE SYSTEM 

^ After the system is teak tested, it must be-flushed out and then 

charged. The collector loop can be filled either manually from the 
roof or by pumping from the lowest point in the system. 

So 
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Ftuthtng Hm Sy«t«m 

Alt metal frirngs, flux, solder, stit* and other contaminants not 
cleaned out of the system during hydrostatic and drain line 
testing must be flushed out. Check to see that collectors are still 
covered and that the controller is OFF. 

Open both fill and drain valves and close the isolation vatve be- 
tween them. Fill a large plastic bucket with clean water Connect 
a smalli hi^head self^priming pump (of the typa u^d to pump out 
cellars) to the fill valve in the diractlon of flow with the feed line 
hose in the bucket. Or you may attach the fill hose drrectty to your 
water supply. Attacn another hose to the drain valve and brjnQ| to a 
drain. Run for KNIS minutes. Remove and dean the strainer 
screens. Do not use water to flush out any systems jor parts or 
systems that use hydrocariton or silicone heat transfer flukls. 

Filling From tin Bottom 

To fill, repeat ttie flushing procedure with a bucket of heat transfer 
liuid (Figure 9.1 ). Run tfie pump for about 20 minutes to purge air 
from the system* recirculating the same fluid. Close the drain valve. 
Allow the system to pressurize to the desired pressure. Close the 
return drain valve and open the isolation valve. Shut off the pump 
and cap and tag ttie drain with fluid type* filt date, and emergency 
procedures figure 9.2). f^ost this information on a wall chart by the 
switch box. Turn on the contoller, set it to automatic mode, and 
remove collector covers. Check the elapsed time meter for proper 
system operation. 

QM vitv« Rioted) 
Pump ^ft* 



To 

cotiteiort 



Drain ^kpm) 




From 

ttorsgt ttnk 



Tf«n«f«r pump 



RGURE 9,1 : F1UJHG SOLAR SYSTEM 



ERLC 



8' 



77 



CHECKOUT AND CHAnCE-UP 




FIGURE 9.2: SYSTEM IN OPeflAUNG 
POSITION 
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rtlltng From th* Roof or High End of fho Sy«tom 

Riling can be accofnph.:hed without trapping air in tha system. 
Instdl a fiW valve at the high point in the system. Pour the fluid in 
and close the vafve. This procedure is used primarily with nonpot- 
able or toxic heat transfer fluids. Beware of staining or damaging 
roofing material and take proper precautions for your own safety. 

Chorglng Fottow-up 

Be sure to check the system thoroughly after two days of operation. 
Note that air may continue to be purged from the system and that 
system pressure may drop slightly. Check the elapsed time meter 
for (»oper operation. 

CoftnocHng tho Solar DHW Systom to tfie Convontional 
System 

Drain and flush the conventional DHW tank. Turn off the water and 
power. Close the dr^in and make the connections. Clean off excess 
flux and solder. Flush out system thoroughly. Turn on the water and 
power and fill the systmi. 
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Alf solar DHW systems should be ^spectod at least once yearfy in 
addition to any periodic maintenance that may be required for the 
components. Keep a bg of all maintenance performed on the 
system. The homeovmer should be instructed in the proper start- 
up, routine maintenance, and shuhlown (including e^mgency) 
procedures. \ 



The outer glazing of coltoctors should be cleaned regularly, with 
intervals depen<}ent on weather, insects, nearness to trees, and air 
pollution. Otean the coltectors when tfiay're not too hot— early 'in 
the morning or on a cloudy day. Tempered glass can be cleaned 
wHh numerous commerctatly available products, but some plastics 
require careful choice of cleaning compounds..Aciylic, for example, 
should be cleaned only with mild soap and water, fbltowed by a 
water rinse. Give the manufacturer's recommended cleaning in- 
structions to the homeowner. Leave'> seeds, dust from neart>y 
construction operations, and other debris should be carefully 
swept off the collectors, ^fowever, sweeping may damage some 
plastic films. 

Inspect the collector sensor periodically to be sure it is making 
good themta) contact. Inspect the absorber plate and took for 
suiface peetingt crazing, or scratching of the suiface coating, if 
any. The manufacturer may be able to recommend a proper touch- 
up paint to prevent the efficiency of the coUectof array from drop- 
ping seriously. If the collector tubing is loose or is no longer making 
contact with the absort>er ptate, contact the manufactairer for repair 
instructions, htoat transfer cement might be used to fill in the gaps. 
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tf the glazing is broken, shut down the system immediately and 
cover the collector with a sheet tarp. or opaque plastic 
dropcloth until the glazing can be jvplaced. 

HmI Tninsfor Fluids 

Test and replace heat toansfer fluid at manufacturer's suggested 
intervals. If the replacement interval for a corrosim inhibitor is 
shorter than the heat toansfer fluid interval, replace both at the 
shorter interval 

Watoi/glycol mixtures should be checked for pH, inhibitor, and 
solution concentration (specific gravity) twice a year. They gener- 
ally need replacing only each year or two. 

CAUTION! Check fluids immediatety after they have been subjected to near- 
stagnation temperature to sea if any high temperature breakdown 
of the glycols to acid has occunned. 

Pump* ami Blowers 

Some circulator pumps are sealed and panmanerttly lubricated* 
others are lubricated by the heat transfer fluidt and still others 
require periodic lubricaticrr. Check the manufachjrer*s literature for 
recommended lubrication schedules* if any. Blowers in air systems 
also may be sealed or may require lubrication. Check on suggested 
schedules. ^/ 

PfMsure G«iigM ^ ^ 

Check the system pressure periodically to see if it falls within the 
proper range. 

f^umbing 

Inspect fittings, insulation, and seals once a year for visible leaks. If 
a leak appears, shut down the system immediately for repeirs. 

Air Vents 

Check for clean floats and seals. An air vent will sputter audibly ifj^ 
any dirt or debris is caught in the mechanism. Caps should be ^ 
checked to make sure that they are still loose enough to allow air ■ ^ 
out or Hw system. Screw caps tight by hand and ttien loosen tt1em^i!^r^ ' 
TWO TURNS. If the float mechanism becomes inoperative, the air^^ 
vent must be replaced. 

Velvet 

Valves containing filters must be taken apart periodically to deatjk^\>^^ 
the screens. Be sure solenoid and automatically controlled valves' 
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ara not gstting w«t. If such •loctrically operated vatves short outi 
they must be leplaced. 

Stor«9« Tanke 

Tanks present few maintenance problems. Drain and flush tanks 
once a year. Make sure that tfie tank tfiemial insulation has not ^lit 
or loosened or that the duct tape has not pulled loose. Check to see 
that the tank temperature sensor is making good thermal contact, 

Sp«clflc Malittenanc* for Dratmtowft Systems 

Check system pressure and its relation to the setting on the pres- 
sure switch. Adjust rf necessaiy. Remove a convenient fitting and 
check for scaling. Check for clean operation of solenoid mWw by 
unplugging the line from the auxiliary outlet Make certain that the 
drain runs freely. 



ERIC 




f 




INSTAL- 
LAT[dN 
CHECKLIST 

NOTEs Although it j$ mandatory standard procedure to consult the installation, 
operations, and maintenance instructions suiH}lied by the manufacturer 
for each approved system, the following general checklist will serve as a 
usefid guide for installing a typicdi solar DHW system. For more detailed 
information, consult HUD*s Intermediate Mirtimum Pmperty Standards 
for Solar Heating and Domestic Hot Water Systems, Volume 5 (4930.2). 

YES NO 

1. SITING AND ORIENTATION 

1*1. Are collect rs oriented in a proper southerly direction? " V ' 

DISCUSSION: Most manufacturers recommend true (not magneti<d south f 
plus or minus IS"". Variations outside these 1imits^»dfipe the 
efficiency of the system. 

1-2. Dc solar collectors have an unobstructed viey^^ln a 

southerly direction between 9:00 A,M. and 3;0O P.M.? 

DISCUSSION: While shading problems are possible all year, low winter sun 
angles may cast shadows of distant obstructions ecrost the 
collectors tfiat would not be a problem in summer. Itemember 
tfiat trees which shed leaves in ttto fall ere less prone to creeto 
such problems than evergreens. 

1*3. Are collectors tilted within acceptabl| limits? 

DISCUSSION: Most manufacturers recommend letitude plus up to for 
domestic hot weter installations. Variations outside these lim* 
its may reduce tfie efficiency of the system. Increasing the tilt 
favors wintor energy collectton* decreesing it favors summer 
collection. 
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INSTAUAnON CHECKLIST 



1*4. 



DISCUSSION: 



Are System components located in such a manner as to 
harmonize with surroundings, to minimize vandalism and 
obstruction to pedestrian or vehicular traffic, and to 
facilitate emergency access? 

Sotar vnargy systsm componmts may Include alamentt which 
arv larya and visually dominant whan viawad from olf-sita. If 
not caraliiily daaignad artd tocatad* such atamants can pro4uc% 
a datrimantal affect on the ovarall appearance of a reaidential 
area. The potential hazard and nuiaanca collector refleclions 
should not be ignored when planning ayatom locattona. Also, 
solar hot water aysteme should not block MitSt roads, or walk- 
waye andt since th^ might be said to constitute an "attractive 
nuisance" Oika an unfenced swimming pooD, shoutd be fenced 
off to prevent unauthorized access. 



YES 



NO 



1-5 



Are system components located in such a manner as to 
allow easy access for cleaning, adjusting, servicrngt ex- 
amination, replacement or repair, especiaRy without 

trespassing on adjoining property? 
DISCUSSION; Components should not be located in places which are difficult 
to reach. Storage tanks may raed periodic inspection, mainte- 
nance, and poasiUa replacement. Care must be taken that 
installers do not damage existing roofing or flashing. 



1-6. 



1-7, 

DISCUSSION: 



1-8. 

DISCUSSION: 



1*9, 



Is there safe and easy access to gutters* downspouts* 
flashing* and caulked joints to allow minor repairs and 
preventative maintenance? 

Are collectors loc^tud to minimize heat losses? 
In order to avoid heat losses* the location of the solar collector 
should be planned to avoid low spots where freezing ground 
fog can collect or unprotected ridges where winds can be 
more extreme. 

If ground-mounted, are collectors located to minimize 

interference from drifting snow. Ieat;es. and debris? 
Collector suififtes are often smooth anc! slippery, warmer than 
their surroundings, and located in elevated positions at steep 
angles. Adequate space should be provided for mettlng snow 
to slide off collectors. Poorly placed ground>mountad collec* 
tors end comportento may encounter snow cover and drifting 
problems beyond the capabllitlas of collectors to dean them- 
sslves. Collectors should be a minimum of 18 inches above 
ground level at their lowest point to reduce drift coverage and 
mud splashing. 

If roo^mountod, are existing rcof structures capable of 
supporting the additional load imposed tiy the collectors? 
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YES NO f 

2. COLtECTOR MOUNTING 
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2'1. Is the fram«work constructed to Support collectors under 

anticipated extreme weather conditions (wind loading up 

to 100 MPH, ice, rain, etoJ? 
DISCUSSION: A tilled collector array can mariwdly increase the wind loading 
^ <both positive and negative imposed on a roof. 

2-2. Has the framework been treated to resist corrosion? 

2-3. Are joints between the framework and the rest of the 

building caulked and^or flashed to prevent water leakage 

and are collectors installed so as not to contribute to 

nwisture build-up, rotting, or deterioration of the roof or 

wall of the building? 
DISCUSSION: All holes in the roaf should be flashed and sealed according to 
the National Roofing Contractors Association Manual of Roof- 
ing Practices, 1970. 

2-4, Are collectors installed so that water flowing off warm 

collector surfrK:es cannot freeze in cold weather and 

damage roof or wall surfoces? 
DISCUSStON: Keep collectors several feet from eaves to prevent ice dams 
from forming and backing water up under shingles. In the case 
of ground^mounted systems, a gutter and downspout might lie 
necessary to prsvent Excessive erosion around the footings. 

2-5. Have collectors been mounted with weep holes (if pro- 

vided) at the lowest end of the collector? 

DISCUSSION: Proper provision for runoff of condensation within the collec- 
tors minimizes the problem of fogging of the inside of the 
collector glazing. Holes should be blocked with glass fiber to 
prevent entry of ditt 

2'6 In areas that have snow loads over 20 pounds per square 

foot or greater, have provisions been made to deflect 
snow Or ice that may slide off roo^n,ounted components 
and endanger vehicles or pedestrians? 

3. P ;NG AND VALVES 

3*1. Have the required building, plumbing, and electrical 

permits (if necessary) t>eei^obtained prior to the start of 
instalfation? 

DISCUSSION: In some localities it may be necessary to supply background 
information on the operation of solar domssttc hot water sys- 
tems to the local building inspector. 

3*2. Have solar components been ordered well in advance of 

the scheduled date to begin installation? 
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OlSCUSSlOlt: tnstall«rs frtquentty und^mtimatt th« tjm« requlmJ u> com* 
ptato th«jr first few installations. Spacial c^r aquipmant 
should ba racaivad bafora Installation bagina. 

3*3. Are connactions to potabia watar linas being made by a 

licensed plumber where required by local codas? 

3*4. Is all piping property insulated to maintain system effi* 

ciency? 

DISCUSSION: All piping shouM ba Insulated to at laast R-4. The first 5*t0 feat 
of pipe coming from the conventional water tester tank also 
should ba insulatad. 

3*5. Is all exposed insulation protected from weather dam* 

age? 

DISCUSSION: Fibafglaas, rigid p^>e insulation should ba wrapped wHh wen- 
thar^pfotactiva matonaL Neoprena Insulrtion must ba paintad 
wHh a flaiubia finish or wrapped to prevent ultraviolet degrada- 
tion, h is important to seat all joints, because wator seepage 
will damage Insulrtion and raduce system efftdancy. 

3*6. Are stjfficient pipe hangers, supports, and expansion de* 

vices provided to compensate for thermal offsets? 
DISCUSSION: Insulation should not ba interrupted for pipa hangars or sup* 
ports. Pipes should be insulated as comptately as possibla. 
Straight pipe runs of 100 feat or mora call for an eipansion 
joint and anchors to avoid pipe or equipment damage 



YES 



NO 



3*7. In ground* mounted systems, ara Insulated pipes to and 

from collectors buried below the frost lines? 
DISCUSSION* Not only do unburjed pipes prasent a poor appaaranca, but 
ia^dai|uately burfed pipes nuiy be subiectsd to abnormal stress* 
es due to frost heaving (irwulatim can abst^ soma atrass). 
Because buried pipe 'insulation is subject to absorption of 
ground watar, use only thoroughly waterproofed closad'Call 
foam insulation. Local codes may prohibit normal QS-S or 50-50 
soldarad joints underground. Use 45 peroant silver solder, 
brazing alloys, or whatever local codas requira. Take cara 
when bacldilling tha ditch that rocks and conatruction debns 
do not touch pipes and create strass points. 

3-8. Is piping for draindown systems property pitched to 

facilitate draining of fluid from the collectors? 
DISCUSSION: Draindown systems wHh pip^ not buried balow tha frost line 
ara vulnerable to frost haaving, clianges in the piping pitch, air 
lock, and subsequent incomplata draindown rasufting in frozan 
pipast and collactor damage. Closed toop systems should also 
ba pitched to facilitate draining, filling, and venting. 

3*9. If ground* mounted collectors ar^ used, is the run of pips 

to storage and back reduced to tha absolute minimum? 
DISCUSSION: Long pipe runs between coHactOiS and storage tarks raducs 
tha afficiency of tha system by incraasJng heat losses and 




3 10. 



3-11. 



3 12. 



3-13. 



314. 



3 15. 



prtuum drops. If th« nin ftom colltctDri to i^toragt tnd back ts 
grMt«rthin 100 fttt us* thicker insulation wid consult stand- 
ard plumbing tablas for pl)>a siz* raquirvd. Provth.ions mctst ot 
mM* for aipantlon. 

Have isolation valv«/s twn provided so that major com- 
poneiHs of the system (pumps, heat exchangers, storage 
tank) can be serviced witr^out system draindown? • 

Have air bleed valves been provicfod at high points in the 
system so that air can be removed from the liquid circu- 
lation toop during both filling and nonruil operaticKi? 

Have suitable connections been supplied for fitling. fhtsh- 
ing, and draining txrth the collector loop and the potable 
water piping' of tfw system? 

Has piping been teak tested to 1 times system design 
pressure for at least 1 hour at constant temperature (with 
collectors covered) prior to t>ackfillfng and insulatii^g? 

Has corrosion between dissimilar metals been avoided 
' by the use of suitable inhibitors in tfie system as well as 
dielectric washers in the mounting? 

Kas care been taken not to short out the insulating enact 
of dielectric washers betWiften dissimilar metals by pipe 
hangers, control systems connections* eto.? 



3-16. Will heat transfer fluids be safe and stable at both stag- 

nation temperature and normal running temperatures? 

OlSCL^ON: Glycol heat tnnsfor fluids should not subjected to more 
than 2S0'F* because this will shorten service lifo. Ths flash 
point of arvy oil should be comparad with the maximum collec- 
tor stagnation temperature, particulariy if the collector man- 
ffohl Is Inside the building ertvelope. 

3- 17. If a system using antifreeze Is used* have a fill valve and a 

drain (for sampling) been provided irf the collector 'oop? 
DISCUSSION: An extra gate>alve and drain may have to be installed to blow 
out the syetom with compressed air If it Is not pitdied to drain 
properly. Make sure that the AH portals upstream of the check' 
valve to prevent air being trapped in the system when filing 
the collector loop with anttfreeie. 



3-18. 



Has a tempering valve or other temperatore limiting dtv 
vicx9 been installed ti' tiinit exit temperatore of the ^ot 
wat^ir to a safe level' 
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DISCUSSION: Rftdufring tha output water temperatura prvvartts scaldfngt 
saves afiargy. and may be requirad by law for unrogulatad 
OHW water heaters. 

3-19. tf a system containing antifreeze is used, have threaded 

joints been taped with tightly drawn TeHon*^ tape? 
DISCUSSION: Antifrt«?« solutions will often leak through joints that normally 
will contain water. 7herefor«(t special attention should be paid 
to joint laaka^. 

3-20. Are all systems, subsystems, and compotiehts clearly 

labeled with apprqoriate flow direction, fitt weight, pres- 
. sure, temperature, and other information useful for ser- 
vicing or routine maintenance? 

Are there vacuum retief valves in the system to prevent 
the coitapse of storage or expansion tanks? 

Has care been taMn to install the circulator pumps so 

that fluid IS flowinjg in the prcf^er direction? 
DISCUSSION: Improper pump installation is a common protyfem. Check to 
see that the small paper gasket in a Bell and Gossatt'^ pump Of 
used) is still intact after rotating tlia pump for proper flow 
direction. Pumps manulactufed by other ftmis will indicate flow 
direction by another method. Isols^te pump vibration from struc^ 
tural members. 

Has the expansion tank been located on ^he suction side 
of the pump? 



YES 



NO 



3-21. 



3-22 



3-23. 



3-24. Has a check vahw been installed in the collector loop to 

prevent reverse circulation by thermosiphoning at night? 
DISCUSSION:' Such reverse circulation causes system inefficiency and heat 
losses. 

3- 25. Are vacuum relief valves protected hom freezing? 
4. STORAGE TANK 

4- 1. is4he storage tank insulated to at feast R 1 1? 

4-2. Are the piping connections to the tank located to promote 

thermal stratification? 
DISCUSSION: The cold city water inlet should be at the bottom of the storage 
tanit, as should the pickup for the cold water to be supplied to 
tiie heat exchanger or collector Hot fluid returning from the 
heat exchanger or collettor should be introduced at the top of 
the tank. Do not block the top of a gas heater or the entrance of 
combustion air at its base. 



4-3. 
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tf a storage tank is instatted on a roof or in an attic, is it 
provided with a drip pan and an outlet to an adequate 
drain? 
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Is the storage tank property connected to the conven- 
tional water heater? ' 



DISGUSSlONt'^Cor-n^iini^fe^ty*^"^-^^ 

^ permftted to operate JndependeiHfy of the hot water demand. A 
separate tank, in addJtkm to the converttionat heatar tank* will 
^ provide greatest system efficiency. The h^her «nd of the solar 
storage tank through which the collector toop circutates. may 
be connected to the low ond of the conventtonal lH»t water 
tank so that cold ^ water goes into the solar tank and forces 
the preheated water from the tep of the solar tenk Into the 
conventional tenk. 

4*5. Are buried storage tanks anchored to prevent flotation in 
case of high groundwater levels? 



5* SYSTEM SAFETY 

5<t. i Are all surfaces with running temperatures at t20°F. or 
. higher isolated from pedestrian traffic in order to prevent 
bums? 

5-2. Are temperature and^or pt assure relief valves iristalled so 

that pedestrians or equipnient are not exposed to effects 
of venting valves? K 

5-3, - Are-tem per a t u re andto^pressure-relietvalvea^installed-so 
as to prevent system pressures from rising above work* 
ing pressure and temperatures? 

5*4, When toxic or flammable fluids are used in the system, 

will fluids overflow or discharge into sewtfs or storage in 

a manner acceptable to the local applicaUe codes? 
DISCUSStON: As an added safety precaution, the end of the pipe draining the 
. toxic or flammable heet transfer fluid should NOT BE 
THREADED to prevertt any type of hose hookups fer any acci* 
dentel use. 

5-5. If supplied 'water pressure is in excess of 80 pounds per 

# square inch or the working pressure rating of any system 

componentef . has an approved pressure regulator pre- 
ceded by an adequate strainer been installed? 

DISCUSSION: Pressurf should be reduced befow 80 psig or system working 
pressure, Ench regulator and strainer should t>e locatsd and 
isolated by valves so that the strainer is readily accessible fer 
cteaning without, removing the ragulator or strainer body or 
disconnecting the supply piping, 

5*6. Has the system been designed so that any direct con- 

nection between wastes from the system ^d potat>te 
water is impossible? ^ 
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5*7. Is there an approved backflow prevanter'^at the cold water 

supply inlet if required? 
DISCUSSION: When a baclcf1<fw preventer is installed, an expansion tank may 

-_-^JWb5*y^ 

5-8. Is there a ^double-walled heaf exchanger in the system or 

another approved method of separating nonpotable heat 

transfer fluids from potable water? 
DISCUSSION: HUD's Intermediate Minimum Property Standaids notes that 
single*walled heat exchanger designs that rely solely on pota- 
ble water pressure or extra thick walls t^ prevent contamina- 
tion are not acceptable. . 

5- 9. Have all otittots and faucets on the nor^potable water' 

lines of the system that might be used by "mistake for . 
drinking or domestic uses been mariced '*DANGEt1 — 

WATER NOT DRINKABLE"? 
DISCUSSION: H is st^gested that vstve handles be removed or tooVoperated 
vatves be added if the system is accessible to chSdren too - 
\ young to read. 

* 

5*10. If hazardous fluids are used in the system, have proper 

procedures for their use, mcludtng first-aid* handling* and 

safe disposal been supplied to the owner? 
DISCUSSION: Nonpotable heat transfer fluids should be colored as a safety 
precaution. 

5*1 ). Is adequate drainage available tn the coltector piping 

array for leaks in collectors ^nd discharges from pressure 
relief valves? 

DISCUSSION: .Suitable high-temperature weather-resistant piping should be 
utilized. Because some oils are corrosive to asphalt shingles, 
take special care when oils are used in the tollector loop and 
collectors are roo^mounted 

6. ELECTRICAL SYSTEM 

6- 1. Does field electrical wiring comply with all applicable 

local codes and equipment manufacturer's recom- 
mendations? 

6-2. Is there a property grounded and protected power outlet 

for the system controls? 

6-3. Has control circuit wiring been color^coded or otherwise 

labeled so that wires are readily traceable? 

6^. Are the sensors for collectors and storage tank attached. 

tightly for the best possible thermal toansfer and located 
per equipment manufacturer's instructions? 
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^YES 



NO 



6-5. 



Is the collector ttmperature sensor located in a collector 
or near the exrt^m the collector array? 




7. CHECKOUT AND START-UP OF SYSTEM 

7-1 ^ Has a )>er$on qualified in both solar and conventional hot 

water systems put the system thrcvigh at least one start- 
up and shutdown cycle, including putting the system 
through all modes of operation? 

Initallatidh iabor should include time allotted.to Balance the 
system for proper flaw. Temperature differences under known 

conditions can be used in lieu of a flow meter. 

* 

Has the owner been instructed in the proper start-up 

and shutdowri procedures, including the operation of 

^ emergency shutdown devices, and fully tns^ucted 

in the importance of routine naintenance of the system. 

including cleaning collector glazing and other i»Mpo- 

nents, draining and refitling the system, air venting* eor- 

rosion control, am) other'procedures? ' 
DISCUSSION: A clear understanding between tnstsller and Owner as to what 
task cmild or should be uidertaken by each party is a valuable 
toot for ificraastng solar business. Sot^e owners may be inter- 
ested in doing some or all iif tfieir system's routine mainte^ 
nance. Otheiv will gladly enter a service contract arrangement 
when the full extent of the routine fnatntenance tasks is clearly 
understood. WhHe you mfght be more interested in an 
instaltation — rather tfum maintenance — based business* re- 
member that regular service calls give the owner an opportu- 
^ nify to have a system **tuned'* to greatest efficiency. 



7-3. 



7A. 



Do operating instructioiis include provisions for the sys- 
tem if the Owner leaves for a vacation ^nd hot water use 
is nil? V 

Has the system been designed so that both solar and 
conventional systems can operate independently of each 
other? 
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GLOSSARY AND APPENDIX A 

SYMBOLS 

t 

Absorbent'-4he less volatile of tfie two woriting^uids used in an 
absorption cooling devica. 

* 

AbsorL '^r—^e surface in a coMectorthat absort>s solar radiation 

and converts it to heat energy;-gene ra l ty , m atte- b lack s urf aces- — — 

are good absorbers and emitters of tfiermal radiation while white 
and metallic surfaces are not (see Setective Surface). 

Absorptance— the ratio of energy' absorbed by a surface to the ~ 
energy striking it. ' ^ 

Acthr^Syetem — a solar heating or cooling system that requires 
external mechanical power to move the collected heat. 

Air*type Collector — a collector tfiat uses air as ^e heat transfer 
fluid. ^ % 

Altftaiile-^he a^ular distance from the horizon to the sun. 

Ambient Temperature — the temperature of surrounding outside ■ 
air. 

ASHRAE— abbreviation for the American Society of Heating, Re- 

* 

frigerating and Air^Conditioning Engineers. 

Auxiliary Heat— the extra heat provided by a conventional heat- 
ing sJMem forperiods of cloudiness or intense cold when a^lar 
heating system cannot provide enough. 
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* ^ 1 


Azimuth — the ^ufar^djstance between true south and the point 
, on the horizcm directly below the sun. 




\ 

\ 


BHtiih Thvrnial Unit IsilJ)— the quantity^ of heat needed to 
raise the temperature of one pound of water one degree 
Fahrenheit. . — — 

Caloric — the quantity of heat needed to raise the temperature of * 

AnA nrAm nf uiatAr nnA Ha/iiwa ^aIaiiia ^ 

Clos«d Loop—any loop in the system which is not exposed to the 
atmosphere. 


* 


t 


- Coefficient of Hoat Transnilsslon— the rate of heat loss in ^ 
BTU per hour through a square foot of wall*or other building 
surface wh^ the difference between indoor and outdoor air 
temperatures is one degree Fahrenheit 

Collector— a device that collects solar radiation and converts it 

tt%fA kikfl^ 

.Collector Efficiency — the ratio of usable heat energy extracted 
TTOfn « cviivcnir w mo soiar onorgj^smKing me vovor. 


- 




CoHeictor Titt''=4heF^n9le4)etW0eii^e^hoHzoi^^ plane and the 
solar collector plane. 




■ « 


ConcwitilAing ^Mlector— a device which concentrates the 
sun's rays on an absorber surface which is s^ignificantly smaller 
thaft the overall collector area. 

Conductance — the rate of heat\di4t(in BTUs per hour) through 
an object when a IT. temperature difference is maintained be- 

twAAn thA aiHac of thA nbiAcL 

Conduc^n — the flow of heat due to temperature variations 
within a material. 




• 

• 


Conductivity (k-valuc) — a measure of the ability of a material to 
porrnii conoucnon rteat now uiruiiyn ^ 

iionvoction — the motion of fluid such as, gas or liquid, by 
which heat may be transported (see Gravity Convection). 


N 
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Cover Plate — a sheet of glass or transparent plastic placed above 
the absort)er in a flat-plate collector <see Absorber and Collec* 
.or,. . • 
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Oftgr«0*day— a unit that represents a IT deviation from some 
fixed reference point (usually 6S^FJ in the mean daily outdoor 
temperature. 

^ — ■ * ■• — 

D«maqd Load — domestic water lieating needs to be supplied by 
solar or conventional energy. ' ^ 

Diffuse Ri^ialfoit-^indirect sunttght that is scattered from air 

'molecules, dust, anci' water vapor 

ft 

Dirvet fladiation — solar radiation that comes straight from the 
sun, casiing shadows (%n a clear day. 

DomasHc Water Pressure^e pressure of the potable water 
withm th^ building from sources not related to the solar domestic 
hohwater system^ 

*■ ' !^ ' ' ' 

Double-fllazed — covered by two panes of glass or other trans* 
parang material. 

-i 

Double Wall Separation — heat exchangers utilizing non- 
potaBte heat transfer ftuids are separated from the potabte water 
system by use of two waits between the fluids. 

■ * 
Eitiittance — a measure of the propensity ^f a material to radiate 

energy to its surroundings^. 

Flat-ptate Collector—a solar collection device in which sunlight 
is converted Into heat oh a pjane surface without the aid of 
refiecttng surfaces to concentrate the rays (see Collector). 

Forced Convection— the transfer of heat by the flow of fluids 
*(sach as air or water) driven by fansrblowers. or pumps'. 

Galvanic Corrosion — the condition caused as a result of a con* 
ducting liquid making contact with two different Inetals whicj> are t 
not properly isoja^ed physically and^or electrically. 

Getters — (sacrificial anodes)— a column or cartridge containing 
' an active metal which will be sacrificed to )irotect some other 
metal in the system against galvanic corrosion. 

Gravity Convention— the natural movement of heat that occurs 
when a warm fluid rises and a cool fluid sinks under the influe'^c«r 
of gravity Xsee Convection). 

Header^*-^e pipe that runs across the edge of an array of solar 
collectors, gathering (or distributing) the heat transfer fluid from 
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for to) the risers in the individual collect9rs. This insures that 
equal flow rates and pressure^are maintained (see Risers). 

■ ltoat-Ca|Meityp<r^prap«rty..o^ 
absorb heat : 

Heat Exchanger-^ device, such as a coiled copper tube im- 
mersed in a tank of vi^er, that is used to transfer heat from one 
fluid to another throi^h a se^rating wall 

Heat Storage — a device or medium that absorbs collected solar 
heat and stores it for use during periods of inclement or cpid 
weather. . 

Haat Storage Capac^^the amount of heal which can be 
stored by a material 'y 

' Heating Season— the pe^ from early fall tp late spring (in the - 
Northern Hemisffhere} dfuring which additional heat is needed to 
keep a house comforabte for its occupants. 

Hylirid Solar Energy Sytf^m — a system that uses both active 
and passtva methods in Hs operation (see Active System and 
Pass«va System). 

_ _ »* 

Infrared Radlatidn^lectromagnetic radiation from the sun that 

has wavelengths slightly longer than visible light 

Insolation— theiotal amount of sotar radiatjon-^Hlirec^. diffused, 
and reflected — striking a surface exposed to the sky* 

Insulatl^^i^-a material. wiUi high resistance (R-valu^ to heatflow^ 

leogontc Chart — shows magnetic compass deviations from true 
north. " \ 

k-value— (see Conductivity) BTU/Tiiyft^/T per inch* 

Kilowatt— a measure of pow^r equarto one thousand watts, ap* 
.proximately 1 1/3 horsepiwer, usually applied to electrfci^* 

KilowatMiour atwli)--the amoimt qf energy equivalent^' jo 1 
kilowatt of power being used for one hour; 3,413 BTU. 

Langley — a measure of sdar radiations ecpial to one calorie per 
square centimeter. 

Lii|utd-type CoHectav — a collector using a liquid as the heat 
transfer fluid (see Collector)* ' 
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■ % 

Piatu'^'^I^Convectioit — see Gravity Convection. 

^p•n System— some^part of the system is^ vented to the atmo- 
^phere, or t he systeip contains fresh or changeabte water . 

Passive ^ttem — an assembly of natural and architecturial com* 
ponents which converts solar ener^intb usable or storable 
thermal energy (heat) wj^etitf'mMhanic^l power 

t^prc«itt PotsibI* Sunshine— the percentage of daytime hours- 
dunpg-i^tch there is enough direct solar radiation to cast-a 
. ' sfiadow tsee Direct Radiation). . " 

Pyranometer — an ifistrument for measuring solar radiation (s'ee 
Solar Radiatioo). . » ' ^ 

Radiation^^he flow pf energy across open space via etec-, 
tromagnetic waves such as visible light * ^ 

Rsflectod Radiation — sunlight that fs reflected from surround- 
ing trees, tenrain, or buildings. ^ 

Rafrigarant — a liquid^such as Frtoon** ^at is used «n cooling, 
devices to absorb heat fro^ surrounding air or liquids. 

Raradiation — radiation resulting from the emission of previously 
- absorbed radiation. 

Realstenca (R-valua) — ^the tendency of a material to retard the 
How of heat , * \ ^ 

RatrofftHng — the addition of a solar heating or cooling systein to 
' an existing building. ' 

Risara — the flow channels or pipes tf:at distribute the heat trans- 
fer liquid from headers across the face of an absorl>er ptate 
(see Header). ^ , 

R-valua — see Resistance. 1 



_ ^ BTU/hr/fl^/F.^ 

Saaaonal Efflciancy — the ratio, over an entire heating seasor>. of 
solar energy collected and used to the solar energy striking the 
collector 

Salactiva Surfaca — a surface that absorbs ^diQtion of one 
wavelength (for example, sunlight) but emits little radiation of 
, another wavelength (for example* infrared); used as coating for' 
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absorber plate;. 



41 . - ' 

Shading CoefffU;ieitt— the ratio of the solar heat gain through a 

-^spfadific glaiTng syst^ ^ tHe toisl sotar"fieaf gafrt through^ 

single layer of clear double-strength glass. 

Solar Constant—the average intensity of solar radiation reach- 
ing the 4arth outsfde the atmosphere; amounting to two langleys 
or 1 .94 gram-calories per^qMare centitneter, equal to 442.4 
BTLMiryft*, or t395 walts/m*. 

Solar Radiation fSolar Energy)— electromagnetic radiation' 
emitted by the sun. 

Solaf Rigirt* (Sun Rights or Solar Acfcass)-^ legal issue 
concerning the right of access to sunlight. 

Spaclfftc Hoat — ttie quantity of heat in BTU. neieded to raise the 
tempereture of one pound of a material ^^^F. 
* 

Standby Heat Loae-4ieat lost through storage tank and piping 
walls (rate of heat loss differs from standing still and When 
moving). 

Sun_Pal!>^IMagriiin C$<riatJMIml^ of^ , 

the sky vault, similar to a map, that can be used to determine ' 
solar positions and to calculate shading. 

Thermal Radiation^lectfoinagnetic radiation emitted by a 
warm body (see Infrared Radiation^. ' ^ 

Thermletor— sensing device which changes its electrical resi^- ' 
ance according temperature! Used in the control system to 
genera^ input data on collector and storage tanit temperatures. 

Themioeiphoning-^h'e process that maltes water circulate au- 
tomatically between a warm collector and a^cooler storage tan^ 

at>ove it (see Gravity Convoctioir). 

* 

TiK Angle — tfie angle that a flat collector surface forms with the 

horizontal plane (see Collector Tilt). 
* 

Trttkle*typ^ collector — a collector in which the heat transfer 
fluid flows in open channels on the absort>er 

Tub*'iri'plate Absorber — a metal absorlMr plate in which the 
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heat transfer fluid Horn tttrough passages formed in the plate 
itself. 

TuInH^^ jlXjMfhicti tfto jheattrans^ 

^ uid flows through metal tubes that are fastened to the absortter 
plate byisoMer, clamps, or other means^ee Cellector), 

Ultraviolet Radia^tion-r^lectromagnetic radiation with 
. wavelengths slightly shorter than visible light ^ 

Unglued Collector -o collector without a cover plate. ^ 



/ 



Pump 



Ctwck Valv» 




Temperature and/or 
Pfreesure'ltelieff Valve 



P^sure Reducing Valve 



Air V«nt CAtr eilrhinator) 



Solenoid Valve 



Isolation Valvo 



Fill Valvo 



9 



Pressure Gauge 
Thermomater 



. Strainer 
Heat EnchanQer 



Dampar 

\ 
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AI^PENDDC B: mUOGRAPHY 

' . . t 

DESIGN ' . 

A^PUCATtONS OF SOLAR ENERGY FOR HEATING AND 
4 ' ' COOUt^ OF BUILDINGS... RC. Jordan and B.Y.H. Liu 

Ms); ASHRAE (Safes D«>pt.). 345 E 47th St.. Naw .Yorit. NY 

10017. 1977. 206 pp. $9.00.* 

ASHRAE BOOK OF APPLICATIONS . . . ASHRAE (Sales Dept). 
$40.00. 

CLIMATIC ATLA$ OF THE U.S. . . . National Climatfc Centeir. 
Federal Building. Mhsvillel NC 28801 . $6.00. 

DESIGNING AND BUILDING A SOLAR HOUSE . . . D. Watson; 
Garden Way Publishing. Charlotte. VT 05445. 1977. 240 pp. $8.95. 

A DESIGN MANUALFOR SOLAR WATER HEATERS . . . HoHion 
Industries. 12606 Burton Street. Nortii Hollywood. CA91605. 
1977. 40 pp. $5^. 

SOLCOST': solar hot WAlkR HANDBOOK . . . Superintendent 
of Documents. U.S. Govemmant Printing Office. Washington. DC 
20402. GPO Stock No. 060-0(MM>OOei-3. $1 :i5. 

SOLAR HEATING AND COOLING OF RESIDENTIAL BUILDINGS: 
DESIGN OF SYSTEMS . . . Solar Energy Applications Laboratory^. 
Colorado State University. U.S. («ovemment Printing Office. Stock 
No. 003-011 -00084-4. $8.2& . ' 

SCIAR HEATING DESI(3N BY THE F.CHART METHOD ... W. A. 
Beckman et al; John Wiley K Sons. New York. NY. 1977. 200 pp. 
St4.95. 
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SOLAR HEATING SYSTEMS DESIGN MANUAL . Xrrtemational ^ 
Telephone and Telegraph Corporation, Fluid Handling Division, 
4711 Gotf Rd.. Skokie, IL 60076, 1976, clOO pp, $2.50. 

SUN ANGLES FOR DESIGN . . . Robert Bennett, 6 Snowden 
Road, Bata Cynwyd, PA 19004, 1978. 77 pp, $5.00. 

INSTAUlATION 

ASHRAE riANpBOOK OF FUNDAME^f^ALS , . . ASHRAE (Sates 
Dept!), 345 E. 47th St., New York, NY 10017, $40.00. 

9UILD YOUR OWN SOLAR WATER HEATER . . . Stu Campbell 
with Doug Taff, Garden Way Publishing, Chariotte. VT 05445, . 
1978, 109pp,$7.95i " 

BUILD YOUR OWN SOLAR WATER HEATER . . . Florida 
Conservation Foundation. Inc.. 935 Orange Ave., Winter Parit, FL 
32789. 1978, 25 pp, $3.00. 

CC^PER TUBING HANDBOOK ■ ■ - Copper Development 
Association, Inc., TO1 1 High Ridge Rd.. Stamford, CT 06905 or 
P.O. Box 3159. Torrance, CA 90S10. 39.pp. Free. 

FONDAMENTALS OF SOLAR HEATING . . . Prepared 
by SMACNA and NHAW. National Technical Information 
Service. 5285 Port Royat Road, ^ringfield, VA 22161, Report No. 
HCP/M40^dl, 1978, $8.00, 

HOW TO BUILD ASOLAR HEATER . . . T. Lucas.- Ward Ritchie 
Press. Pasadena. CA 91 103, 197Sr236j^$4.95. 

INSTALLATION STANDARDS FOR ON^ ANDTWOFA^ILY * 
DWELUNGS AND MULTIFAMILY HOUSING INCLUDINoSObAQ^ 
. . , SMACNA. 8224 Old Courthouse Rd., Tysons Comer, VA 
22180, 1977,$M).00. 

. HIGH PRESSURE DUCT CONSTBUCTION STANDARDS ... 
SMACI4A , . " • 

LOW PRESSURE DUCT CONSTRUCTION STANDARDS . . . 
SMACI4A 

FIBROUS GLASS DUCT CONSTRUCTION STANDARDS . . . 
SMACNA - . 

«- 

. NO HEAT, NO RENT: AN URBAN SOLAR & CO^jSERVATION 

MANUAI The Energy Task Force; Available from Community 

Serrices Administration; Washington, DC 205d6, 1977. Free. 

RETROFIT SOLAR WATER HEATING SYSTEM FOR URBAN 
BUILDINGS ; . . D. C. Larson et al.. Proceedings of the 2nd 
Southeastern Conference on Application of ^olar Energy, Bato.i 
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Rouge, LA. April 19, 1976, Rept. No. CONF-760423. Available 
from NTIS. $12.50. 

* 

THE SOLAR DECISION BOOK . . . Richard K. Montgomery and 
Jim Budnick, John V\niey and Sons, New York, NY 1 001 6, 1 978, 
$12.95. 

SOLAR KEATING AND COOLING OF RESIDENTIAL BUILDINGS: 
SIZING. INSTALLATION. AND OPERATION OF SYSTEMS . . . 
Solar Enetgy Applications Laboratory. Colorado State University. 
U.S. Government Printing Office. Stock No. 003-01 1 -00085-2. 
$7.00. 

SOLAR HOME BOOK . . . B. Anderson and M. Riordan: , Brick 
House, Andover. MA01810, 1976, 297 pp. $7.50, 

t 

GENERAL 

BASICS OF SOLAR HEATING AND HOT WATER SYSTEMS . , . 
AIA Research Corp., Washington, DC 20006, 1 977. 48 pp, $5.00. 

THE BUY WISE GUIDE TO SOLAR HEAT . . . F. Hickok: Hour 
House, P.O. Box 40082, St. Petersburg. FL 33743, 1976, 121 pp. 
$9.00. 

SOLAR AGE RESOURCE BOOK . . . M. McPhillips (ed); Everest 
House. Newf York, NY. 1979. 242 pp, $9.95. 

SEM 79 . . . Solar Energy Industries Asso^dtidn. 1 001 
Connecticti Ave., NW, Ste. 632, Washington, DC 20036, 1979, c 
300 pp, $15.00. 
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SOLAR INSTALLER 
TOOL KIT 

Here is a suggested list of tools you will need to succassftjdly 
complete the installation of your soler hot water system 

Compass 
Rre extinguisher 
Gas torch ft igniter 
Tubing cutter with 

reamer or wire brush 
Steel wool or emery cloth 
Hacksaw 

Pipe wrenches, 14" 
Electric Oritt. ^'^ 
Drill bits, up to % ' and 

carbide tip 
Hole saws, 7 to 3'' 
100' extension cord 
Extension ladder 
100' of rope 
NO'skid shoes 
Hammer 

Level or (evel/inclinometer 

coi^bination 
Plastic water bucket 5-galton 
Two washing machine hoses 

(female connections) 
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Saw 

Tm snips 

PKers, including Vise Grips*^ 
Adjustable end wrenches, 14" 
Folding rule^nd 50' tape 
Chalk line 

Screwdrivers, including 

phillips head 
Caulking gun 
Matte knife and Uades 
Pencils 
Putty knife 

Wire cutter, strippers 
Volt-ohm meter 
Electrical tape 
Pipe tap; %''NPX 
Transfer pump, 120 volt, 

setf-priming 40' head *' 
Rags 
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lOTEi Some installations will require additional tools and 
.equipment^ 

There are a number of devices on the marltet to help you in siting 
collectors and determining shading. Among them are: 

I 

Sdar SEte Kit . . . Finds sun angles, calculates shading, measures 
roof pitch . . . SolarAI.E., P.O. Box S06, Columbus, NC 28722, ' 
$2.95.' 

SolarSito Selector . . > Finds sun angles, dete/mines shading . . . 
Don Lewis, P.O. Box 186, Amador City, CA 95601, $31.50. 

Solar Siter Heliodon . . . model of celative motions of earth and sun 
V . . plans from: Solar Bookshop, Total Environmental Action, Inc., 
7 ChuQ:h Hill, Harrisville, NH 03450^$4.7S. 

Sun Anlfle Calculator . . . Determines sun angles^ . . . Libbey- 
Owens-Ford, Toledo, OH, 43695; $4.00. ^ . 

Sun Angle Desk Top Calculator ^ . . frovide^hours of day in sun 
hours and montfis of year, eteva|ion in degrees from horizon and 
compass bearings from south , V . Zomeworks Corp., Box 712, . 
AlbuquerttMe^ NM 87103, $65:00. ^ 

Sun Scope, 11 ^ . . Pennits sun sitings for any hQUF,«ach season 
. * ^ojar Usdgd Now, Inc^PiOi-Box^Oe, Bascom,OH 44809, No. 
1883,$0.95! " • \ , . * 

^ ' * m - I 

rtoof hoists an available to lift collectors. One such'flevice is: 
Haiwty Hoist : ., . Manuifa'ctured t^Sun & Roof Engineering, Inc., 
1 1622 W. Exposition Bhrd., Suite 2, West Los Angeles, CA 90064, 
$350.00. 
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SOLAR MINIMUM 
PROPERTY STANDARDS: 
HOW THEY CAN WORK 
FOR YOU 

The rapid devetopment ol sotartechnology created b need among 
tt^ solar designett contractort and' installer, as welt as the sotar 
Imder and appraiser and home insurance ageAt for a set o| stand- 
ards^ Vrhtch could al^ly t(^ atl solar energy systems— a; complete 
reference guide, outlthing materiats* methodst and performance 
expected for a qualEt^^lar heating system. 

To help lulfilt this need,' the U.S. Department of Housing and Urban 
Devetopment (HUD) and the, U.S. Department of Energy (DOD, 
wHh the assistance of tfie Office of Housing and Building Technol- 
ogy Off the National Bureau of ^mj^rds (NBS), developed a set of 
Intomediate IM^imum FVoperty Standards (II^PS) which applies to 
dwethngs equif^>ed with solar heating and solar domestic hot water 
systems. 

Called the HUD Iritennediate Minimum Property Standards Sup- 
plement: Sotar Heating and Domestic Hot Water Systems, they 
supplement the Minimum fVoperty Standards for One- and Two- 
Family Dwellings, MPS 4900.1, and Minimum Property Standards 
for Multi-family Dwellings, MPS 4910.1, and are to be used in 
conjunction >wHh these. 

The l (yiP S basically augment the regular MPS, addressing those 
aspects of planning and design for s6lar housing which are dif- 
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farent from conventional housing. They are based on current 
stata-oHhe-art technology and practice and on nationally recog- 
nized standards for solar irtstallations. 

The document is organized into chapters and divisions that parallel 
the general MPS to facilitate easier reference use. Most standards 
are accompanied by axommentary to explain further the necessity 
of that particular standard, and especially to clarify ite implications 
for the solar energy system. 

* The IMP$ vvent into effect in July, 1977 for all Federal Housing 

Administration (FHA). Veterans Adminis^tion (VA)t and Farmers 
^ Home Adminis^tion (FmHA) projects utilizing solar energy sys- 
tems. 

^ They were used in the technical evaluation of submissions for the 

HUD solar domestic hot water initiative in 1 1 states and for the 
technical, evaluation of appiications received in HUD's solar dem- 
onstbtion pfoject In addition, the IMPS define the minimum qual- 
ity level acceptable for single* and multi-family residancest nuking 
homest and intermediate care facilities designed and constructed 
under HUD housing programs.. 

' Many natioifial trade associations have investigated for their mem- 
4 bars the impact of IMPS upon their organization. Heating* ventilab 

ingt and air conditioning (HVAO contractors, as well as plumbei:8, 
rooferst sheet metal wori(er»* and a hostiof others who have be- 
come involved in solar initiation in the HUD demons^tion pro* 
gram are now applying the standards to tfieir operations. 

Assoclationst such as the l^orthamerican Heating and Atrcondition- 
ing.Wholesaterk Association (NHAW)< tfie International Associa- 
tion of Pfumbing and Mechanical Officials OAPMO), and the Amor-- 
ican Society. of Heatingt'Refrigeratingt 4ind Atr-Conditioning 
Engineers (ASHRAD. are respomling to the HUD sotar standards 
by providing feedback, by undertaking projects to interface their 
own codes with the 1MES< or by passing irifbnmation from I MP^ on 
to tiieir members. Tha Sheet Metal and Air Conditioning Contrac- 
tors Association (SMACNA), for example, k^s copies of tiie HUD 

\ f MP^ in each of their chapter offices, makii^ them readily^available 

/ to all members. 

Less apparent, perhapSt is the importance of the IMPS to the solar 
home mortgage lender and the solar home insurer. 
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By using the I^PS i the lender tan make an infonned appraisal of 
the solar home to be' mortgaged by differentiating a well-destgned* 
properiy instatled. solar energy system.from a pocrfy constructed 
one* which may have an eventual depreciating effect upon the 
home. \ ' 

The solar home insurer must also review the solar energy system 
before providing coverage.>le can use the IMPS to detect areas in 
the construction and installation of the solar system where prob* 
lems might occur and make an overall evaluation of ttie quality 
of the solar installation. The insurer can ittien detennine the 
pdlicy necessary to provide the solar homeowner with adequate 
coverage. , ^ . 

Tt>e Ahemative Energy Committee of the National Association of 
Mutual Insurance Companies (NAMIC). for instance* uses the 
. I MPS in their inspection of solar ir^llation hazards to the home. 

Copies of HUD Intenmediate Minimum Property Standards Sup- 
ptement* Solar Heating and Domestic Hot Water 'Systems may 
be purchased for $12.00 ($15.00 foreign) fay ordering Stock 
#023-000^1007-7 from; 

Superintendent of Documents ^ 

U.S^ Government Printing Office ) J 

Washington, DC 20402 

#^ 

AnyoneJnterested in reviewing this xlocument catt do so at HUD 

* 

Regional and Area Offices* and Room 6170» HUD Headquarters* 
451 7th'Street. SW. Washington* DC 20410, 
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e These guidelines were pree0re<Hiy^Hie National Solar Heating and 

' Cooling Inform^tiOfrCenter which is operated by the Franklin Ri- 
. searsb-G^ftfeT under contract' to th4» U.S. Department of Housing 
^^-apd Uti>an Development in cooperation with the U.S. Department 
of Energy. They are to be used with instructions supplied by the 
manufocturer or supplier and do not supercede any code or build* 
mg regulation^. 

V^' ' In preparation of ^ese guidelines* the authors drew.heavily upon 

^ worit already dons unde^ Contract to HUD and DOE by: 

Colorado State University 
^ Dubin-Qtoome Associates 

Northamerican Heating ^nd Airconditioning ' 
Wholesalers Association 
, * Polytechnic Institute of New Yotk 

Solar Action Offi^, State of Massachusetts 
and the instruction the HUD Solar Installation 
Assistance Worfcshops (Rich Schwolsky. David Wolfe. 
Ed Biynet Robert Graham, Gordon Priess, and Steve Pitney). 

In addition to HUD, the authors wish to thank for' their advice and 
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Jack M^eter, New Englarvd ^lectric 

Ride Schwolsky, David Worn, National Association of Solar 

Conbactors 

Ed Jones. Sunworte^iv. of Enthone 
William Warner, et alt^Paystar 

Ray Weisner, Copper Development Association, ASTM E44,06 

Shu Miyazaki, Searsi Roebuck, )^STM E44.06 

Roger Pasch, Suncelt, ASTM E44,06 

ASTM E44.06 SDHW^Task Group ^ - 

Denver Collins, State Industries, ASTM E44.06 

Stan StarTt Florida Solar Energy Center 

Hunter Fanriey, National Bureau of Standards 

Howard Katz, Sunearth * ^ 
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David Waksman, National Bureau of Standards 

Jim Higgu^, Higgins Energy Associates 

Peter B. Katzenbach, Grumman Energy Systems 

Earle Rich, Natur|il Power Corp. 

Howard Krayi^. Conderdyrre^- 

Troy Berkley, ^alstead & Mitchell * - 

Vance Creight<^, Creighton Solar Concepts 

We would also tike\to credit the individuals who contributed to the 
writing, graphics and preparation of this publication. 

Franklin ReMar^h Center ^ 

Peter Hollander 
Michael O NetH 
Tom Giiter \ ^ ' ^' 

Sanford Meschkow ^ , 

^ Daniel Shimberg 
Marsha Biderman ^ 
Joseph Revtock c 
Dava Lurie 

Ken Kauffman ^ , 

Dick Oswald ^ 
Richard Barrett 

ChlHoft Company 
F. Phlftp Verrecchia 
Ed Daht 
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